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(57) ABSTRACT

Vehicle platforms, and systems, subsystems, and compo-
nents thereof are described. A self-contained vehicle plat-
form or chassis incorporating substantially all of the func-
tional systems, subsystems and components (e.g.,
mechanical, electrical, structural, etc.) necessary for an
operative vehicle. Functional components may include at
least energy storage/conversion, propulsion, suspension and
wheels, steering, crash protection, and braking systems.
Functional components are standardized such that vehicle
platforms may be interconnected with a variety of vehicle
body designs (also referred to in the art as “top hats) with
minimal or no modification to the functional linkages (e.g.,
mechanical, structural, electrical, etc.) therebetween. Con-
figurations of functional components are incorporated
within the vehicle platform such that there is minimal or no
physical overlap between the functional components and the
area defined by the vehicle body. Specific functional com-
ponents of such vehicle platforms, and the relative place-
ment of the various functional components, to allow for
implementation of a self-contained vehicle platform are also
provided.
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ELECTRIC VEHICLE PLATFORM

CROSS-REFERENCED APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 16/879,235 filed on May 20, 2020,
which application claims priority to U.S. Provisional Patent
Applications 62/850,437 filed on May 20, 2019, U.S.
62/869,823 filed on Jul. 2, 2019, U.S. 62/897,970 filed on
Sep. 9, 2019, and U.S. 62/903,709 filed on Sep. 20, 2019.
The disclosures of which are included herein by reference in
their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to electric
vehicle platforms, their design, methods of manufacture,
component systems, and materials.

BACKGROUND OF THE INVENTION

[0003] Automobile vehicles may generally be described in
relation to a body or cabin, which are designed to enclose the
passengers, and the various electrical, mechanical and struc-
tural systems, subsystems, and components that allow the
vehicle to operate. In traditional automobile design, the body
and various functional systems and components are inextri-
cably intertwined. For example, mechanical linkages
directly interconnect the steering and brake systems between
the wheels and the passenger, and elements such as the
motor and heating and cooling systems are disposed in a
front compartment that extends upward into the body of the
vehicle.

[0004] The numerous interconnections between the body
and the functional components of a vehicle create a number
of manufacturing and design inefficiencies. For example, a
change in the motor may necessitate a change in the dimen-
sions of the body. Similarly, altering the passenger compart-
ment to include newly desired features, such as, for example,
altering the vehicle profile or passenger seating position,
may require a redesign of one or all of the functional systems
of the vehicle. Accordingly, a great deal of effort has been
made to design generic functional vehicle platforms (also
referred to in the art as “skateboards”) onto which numerous
vehicle bodies may be easily attached without requiring any
alteration to the components of the vehicle platform itself.
[0005] To accomplish this, vehicle platform designers
endeavor to locate as many of the functional components of
the vehicle into the vehicle platform as possible so that the
number of interconnections between the vehicle body and
vehicle platform can be reduced. Unfortunately, due to the
size requirements of many of the mechanical systems of
conventional internal combustion vehicles (e.g., motor,
transmission, cooling system, etc.) the ability to reduce the
footprint of the functional components of a vehicle to a
stand-alone vehicle platform that is truly independent of the
design of the vehicle body has been limited.

[0006] Recent advances in electric motor and battery
technologies have made electric vehicles practical to manu-
facture. Electric vehicles have a number of advantages over
conventional internal combustion vehicles, including the
dramatically reduced footprint of the drive train compo-
nents. Further advancements in signal processing and drive-
by-wire technologies means that it is now possible to
produced vehicle platforms containing all the necessary
functional components of a vehicle. However, despite the
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potential these advancements represent most electric vehicle
platforms being produced today continue to incorporate
designs that require functional elements to extend into and
interconnect with the body of the vehicle. The result is that
most current electric vehicles still include design elements,
such as hoods and trunks that are relics of the internal
combustion engine.

SUMMARY OF THE INVENTION

[0007] Many embodiments are directed to electric vehicle
platforms, their design, methods of manufacture, component
systems, and materials.
[0008] Various embodiments are directed to self-contained
vehicle platforms including:
[0009] a frame structure having a variety of intercon-
nected structural components each having a body with
a top, a bottom, and side elements that, when intercon-
nected, make up a generally flat planar structure having
a front portion, a rear portion, and a center portion, and
further comprising a top and a bottom portion corre-
sponding to the top and bottom elements respectively;

[0010] a propulsion system having a drive motor dis-
posed in at least one of the front and rear portions of the
frame and connected to at least one of the intercon-
nected structural components and further being inter-
connected to a transmission system, wherein the trans-
mission system is connected to at least one set of drive
wheels;

[0011] a plurality of suspension systems disposed
within front and rear portions of the frame each having
a set of control arm assemblies each having proximal
and distal ends where the proximal end of each is
connected to the frame and the distal end is connected
to a wheel in the set of drive wheels;

[0012] an energy storage system disposed within the
center portion of the frame structure comprising a
plurality of independent battery modules electronically
connected to an inverter system electronically con-
nected to the propulsion system; and

[0013] wherein the component systems of the vehicle
platform are disposed within the boundaries of the
generally flat planar structure defined by the frame
structure of the vehicle platform such that no substan-
tial part of the component systems extends in substan-
tial part above the drive wheels.

[0014] In still various other embodiments, the drive sus-
pension system further comprises a transverse leaf spring
connected to each of the control arm assemblies and the
framework structure through a plurality of connection points
and wherein the leaf spring is disposed beneath the drive
motor.

[0015] In yet various other embodiments, the transverse
leaf spring is contoured in a vertically downward direction
relative to the drive motor sufficiently such that deformation
of the leaf spring does not interfere with the propulsion
system.

[0016] In still yet various other embodiments, one or more
spacers are disposed between the transverse leaf spring and
the framework structure.

[0017] In still yet various other embodiments, the center
portion of the framework structure is subdivided by one or
more structural support elements into a plurality of isolated
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compartments, and wherein the vehicle batteries comprise of
a plurality of modular elements distributed in a multiplicity
of the isolated compartment.

[0018] In still yet various other embodiments, wherein the
structural support elements are connected to the independent
battery modules.

[0019] In still yet various other embodiments, a plurality
of lateral and/or longitudinal structural support elements
disposed in the center portion of the framework structure
having an elongated body with an upper portion and a lower
portion being planar with the top and bottom portion of the
framework respectively and a first and a second end.
[0020] In still yet various other embodiments, a plurality
of mounting points disposed on the top element of the
framework structure in association with one or more struc-
tural support elements, wherein the mounting points corre-
spond to cooperating mounting apertures on at least one
upper body component.

[0021] In still yet various other embodiments, the top
element of the framework structure further comprises a
plurality of mounting orifices corresponding to each of the
plurality of mounting points, wherein each of the mounting
orifices surrounds the corresponding mounting point.
[0022] Instill yet various other embodiments, the platform
also includes a plurality of seal caps each having a contoured
body with an outside surface and an inside surface such that
the inside surface cooperatively engages with a correspond-
ing mounting point, and wherein the contoured body further
comprises a flange portion extending outward from the body
near a bottom portion of the body by a dimension such that
the dimension of the flange exceeds that of the correspond-
ing orifice.

[0023] Instill yet various other embodiments, the platform
also includes a front and a rear crumple zone, wherein the
interconnected structural components of the front and rear
portions of the frame structure absorb energy from a direc-
tional impact and prevent the transmission of said energy to
additional portions of the framework structure.

[0024] Instill yet various other embodiments, the platform
also includes a plurality of lateral energy absorption units,
wherein the energy absorption units are disposed along outer
side of the center portion of the frame structure such that the
lateral energy absorption units absorb energy from a lateral
impact and prevent damage to the center portion of the
framework structure.

[0025] In still yet various other embodiments, the lateral
energy absorption units are disposed to prevent damage to
the battery modules disposed within the central portion of
the framework structure.

[0026] In still yet various other embodiments, the battery
modules further comprise a plurality of rigid planar heating
and cooling elements disposed in association with the bat-
tery cells.

[0027] In still yet various other embodiments, the battery
modules are arranged within the center portion of the
framework structure such that the rigid planar heating and
cooling elements are arranged both laterally and longitudi-
nally relative to the frame structure.

[0028] In still yet various other embodiments, the drive
motor is disposed within a motor housing, and wherein the
motor housing has a contoured outer perimeter wherein at
least a portion of the lower face of said contoured outer
perimeter is configured to correspond to at least one portion
of the outer contour of a plurality of gears of the transmis-
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sion system, such that an indented portion of the motor
housing is formed, and wherein the transverse leaf spring is
disposed such that it is positioned beneath and in-line with
this indented portion.

[0029] Instill yet various other embodiments, the plurality
of gears have an outer perimeter of the plurality of gears
defines a figure eight, and wherein the motor housing is
arranged such that the figure eight is tilted relative to a
vertical axis, and wherein the center portion of the transverse
leaf spring is disposed beneath the uppermost portion of the
tilted figure eight perimeter of the motor housing.

[0030] In still yet various other embodiments, the lowest
portion of the motor housing is spatially offset from the
center point of the transverse leaf spring.

[0031] In still yet various other embodiments, front and
rear portions of the framework structure are vertically
elevated relative to the center portion of the framework
structure such that the generally flat planar structure has a
undulating contour.

[0032] In still yet various other embodiments, a plurality
of anchor points disposed on the frame structure and coop-
erative to hard mount the vehicle body thereto.

[0033] In still yet various other embodiments, the battery
modules and inverter system are enclosed within the top and
bottom portion of the framework structure by a top and a
bottom seal plate connected to the framework.

[0034] In still yet various other embodiments, the trans-
verse leaf spring is configured to operate as both a ride
spring and an anti-roll support element replacing or at least
supplementing an anti-roll bar.

[0035] In still yet various other embodiments, the tension
on the transverse leaf spring is adjustable to accommodate
vehicle bodies having different weights and ride character-
istics.

[0036] In still yet various other embodiments, the mount-
ing points are configured to at least partially secure a
passenger seat directly to the vehicle platform.

[0037] In other embodiments, the propulsion system fur-
ther comprises a transmission lock device disposed within
the drive motor and engages with at least one gear within the
motor such that the activation of the transmission lock
prevents the at least one gear from engaging in such a
manner so as to cause the vehicle platform to move and
wherein the transmission lock has a disengaged setting such
that it can disengage from the at least one gear thereby
allowing the gear to subsequently engage so as to cause the
vehicle platform to move.

[0038] Instill other embodiments, the vehicle platform has
a plurality of interconnection elements that cooperatively
engage with opposing interconnects on an opposing body
structure.

[0039] Many other embodiments the interconnection ele-
ments are mechanical elements.

[0040] In various embodiments, the interconnection ele-
ments correspond to functional elements of the opposing
body structure are selected from a group consisting of
steering elements, braking elements, electronic control ele-
ments, and electronic display elements.

[0041] Many embodiments include a vehicle platform
with a frame structure having a plurality of interconnected
structural elements forming a generally planar structure
having a first lower frontal impact energy absorption unit,
wherein the lower energy absorption unit comprises an
elongated body having a first end and a second end, wherein
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the second end is connected to the frame structure, and
wherein the lower energy absorption unit is disposed along
a lower load path of the frame structure, further comprising
a first energy absorption zone and a section energy absorp-
tion zone.

[0042] In many such embodiments, the first energy
absorption zone is located near the first end of the lower
energy absorption unit further having a predetermined crush
distance such that upon impact the first zone will crush the
predetermined distance while absorbing energy from the
impact. The second energy absorption zone is located near
the connection with the frame structure and is configured to
bend and deflect subsequent energy not absorbed from the
first energy absorption zone.

[0043] Other embodiments include a vehicle platform
with a frame structure having a plurality of interconnected
structural elements forming a generally planar structure
having a front end and a rear end, wherein the front end
further comprises an upper and lower progressive deflector
unit attached to the front end.

[0044] In many such embodiments, the upper deflector
unit has an elongated body having a first end and a second
end such that the first end is connected to the frame structure
and the body extends outward from the frame structure to the
second end, and wherein the upper deflector comprises a
flange attached to the second end thereof and a body having
an angled portion extending away from the body of the
upper deflector.

[0045] In many other such embodiments, the lower deflec-
tor has an angular body with an inboard side and an outboard
side wherein the inboard side extends parallel and rearward
along a portion of the frame structure and the outboard side
extends outward and rearward from the front end of the
framework at an angle such that it progressively diverges
from the frame structure.

[0046] In still many other such embodiments, a secondary
attachment mechanism is provided with a first and a second
attachment end wherein the first attachment end is attached
to the lower deflector at a furthest point from the diverging
outer side and the second attachment end is attached to the
frame structure.

[0047] Many embodiments are directed to a battery enclo-
sure for use in an electric vehicle platform. Many embodi-
ments include a battery enclosure that has multiple structural
elements forming a basic framework of the enclosure includ-
ing:

[0048] A pair of longitudinal side rails each with an
elongated body with a forward end and a rear end and
with external and internal sides;

[0049] A forward and a rear support element each with
an elongated body with opposing ends and disposed
laterally between each of the side rails and connected to
each of the two side rails where each of the opposing
ends connects to a respective internal side of the side
rails, and wherein the forward support element is
disposed at the forward end and the rear support
element is disposed at the rear end thereby creating a
space therebetween; and

[0050] A plurality of lateral support structures having
elongated bodies with opposing ends and disposed
between the side rails in a longitudinal direction such
that the space is divided by the lateral support struc-
tures and wherein each of the side rails, forward and
rear support elements, and lateral structures serve to
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provide strength to the battery enclosure as well as act
as support features for a plurality of internal battery
components disposed within the divided space.

[0051] Other embodiments include one or more longitu-
dinal support members each having an elongated body with
a first end and a second end, wherein the first end is
connected to a center portion of one of the forward support
element or the rear support element and wherein the second
end is connected to a center portion of a lateral support
structure.

[0052] Still other embodiments include a top plate and a
bottom plate wherein the top plate is secured to a top portion
of each of the side rails, the forward and rear support
elements, and each of the plurality of lateral support struc-
tures, and wherein the bottom plate is secured to a bottom
portion of each of the side rails, the forward and rear support
elements, and each of the plurality of lateral support struc-
tures.

[0053] Various other embodiments are directed to vehicle
suspension systems including:

[0054] a frame structure of a vehicle platform having a
variety of interconnected structural components each
having a body with a top, a bottom and side elements
that, when interconnected, make up a generally flat
planar structure having a front portion, a rear portion,
and a center portion, and further comprising a top and
a bottom portion corresponding to the top and bottom
elements respectively,

[0055] a left and right control arm assembly, each
having an upper and a lower control arm and a wheel
mount structure wherein each of the upper and lower
control arms have a first end and a second end where
the first end is pivotably connected to the frame struc-
ture and the second end is rotatably connected to a
wheel mount structure,

[0056] a load dampening device having an elongated
body that is compressible between an upper and lower
component wherein the upper component is connected
to the frame structure and the lower component is
connected to the lower control arm, and

[0057] a transverse leaf spring having an elongated
body with a center portion and two outer portions and
an upper surface and a lower surface and two side
surfaces extending between a left and a right outer end,
wherein the elongated body extends between the left
and the right control arm assemblies and wherein the
left and right ends are connected to the left and right
control arm assemblies respectively through a mount-
ing bracket attached at each of the outer ends, and
wherein the transverse leaf spring also has at least two
inner mounting brackets located at a distance between
a center of the transverse leaf spring and the outer ends.

[0058] In other embodiments, the suspension system fur-
ther comprises a mounting bracket cover having a contoured
body that is contoured to cover an inner mounting bracket
and is connected to the frame structure with at least two
attachment points.

[0059] In still other embodiments, the transverse leaf
spring has a contoured elongated body such that a center
portion of the elongated body deviates from a straight line in
a downward direction such that the contoured portion
extends below an electric drive system that is disposed
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within an internal space between the rails of the frame
structure and wherein the electric drive system is attached to
the frame structure.

[0060] Inyet other embodiments, the first end of the upper
control arm further comprises a forward and a rearward
attachment point that connects to the rails of the frame
structure via an opening in the rails of the frame structure
such that at least a portion of the forward and rearward
attachment points sit within the rails of the framework
structure.

[0061] In yet still other embodiments, the inner mounting
brackets are each moveable along the length of the trans-
verse leaf spring wherein the position of the inner mounting
brackets effects a movement envelope of the leaf spring.
[0062] In yet other embodiments, the suspension system
further comprises second upper control arm, wherein the
second upper control arm is pivotably connected to the rails
of the frame work structure and rotatably connected to the
wheel mount structure.

[0063] In still other embodiments, the suspension system
further comprises at least a second lower control arm,
wherein the at least second lower control arm is pivotably
connected to the rails of the framework structure and rotat-
ably connected to the wheel mount structure.

[0064] In yet still other embodiments, the transverse leaf
spring has a rectangular cross section throughout the elon-
gated body.

[0065] In other embodiments, the width of the middle
portion is wider than the width of the outer portions.
[0066] In yet other embodiments, the height of the outer
portions is higher than the height of the middle portion.
[0067] In still other embodiments, the width of the middle
portion is 1.7 times greater than the width of the outer
portions.

[0068] In yet still other embodiments, the height of the
outer portions is 1.5 times greater than the height of the
middle portion.

[0069] In other embodiments, the suspension system fur-
ther comprises a body spacer, wherein the body spacer is
disposed beneath the outer ends of the transverse leaf spring
such that it is positioned between the leaf spring mounting
point and the lower control arm.

[0070] In many embodiments, the spacer may be adjust-
able by a mechanical adjustment device.

[0071] In yet other embodiments, the body spacer may
have a maximum height of 50 mm.

[0072] In still other embodiments, the body spacer may
have a minimum height of 1 mm.

[0073] Inyet still other embodiments, the upper surface of
the leaf spring is 50 mm away from an electric drive system
housing disposed within the frame structure.

[0074] Other embodiments include a transverse leaf spring
comprising an elongated body with a center portion and two
outer portions and an upper surface and a lower surface and
two side surfaces extending between a left and a right outer
end, wherein the upper surface of the left and right outer
ends is positioned in a first plane and wherein the upper
surface of the center portion is positioned in a second plane
located below the first plane.

[0075] In other embodiments, the upper surface of the
center portion of the transverse leaf spring is positioned in
a second plane located 50 mm below the first plane.
[0076] In still other embodiments, the elongated body of
the transverse leaf spring has a rectangular cross section.
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[0077] In yet other embodiments, the width of the middle
portion of the transverse leaf spring is wider than the width
of the outer portions.

[0078] In yet still other embodiments, the height of the
outer portions are higher than the height of the middle
portion.

[0079] In still other embodiments, the width of the middle
portion is 1.7 times greater than the width of the outer
portions.

[0080] In yet still other embodiments, the height of the
outer portions is 1.5 times greater than the height of the
middle portion.

[0081] Additional embodiments and features are set forth
in part in the description that follows, and in part will
become apparent to those skilled in the art upon examination
of the specification or may be learned by the practice of the
disclosure. A further understanding of the nature and advan-
tages of the present disclosure may be realized by reference
to the remaining portions of the specification and the draw-
ings, which forms a part of this disclosure.

DESCRIPTION OF THE DRAWINGS

[0082] The description will be more fully understood with
reference to the following figures, which are presented as
exemplary embodiments of the invention and should not be
construed as a complete recitation of the scope of the
invention, wherein:

[0083] FIG. 1 illustrates a vehicle in accordance with
embodiments of the invention.

[0084] FIG. 2 illustrates an electric vehicle platform in
accordance with embodiments of the invention.

[0085] FIGS. 3A to 3C illustrate an electric vehicle plat-
form integrated with various vehicle bodies in accordance
with embodiments of the invention.

[0086] FIG. 4 illustrates an electric vehicle platform hav-
ing an embodiment of a vehicle cabin configuration inte-
grated therewith in accordance with embodiments of the
invention.

[0087] FIG. Sillustrates a vehicle platform frame structure
in accordance with embodiments of the invention.

[0088] FIGS. 6A through 6F illustrate a front compaction
zone in accordance with embodiments of the invention.
[0089] FIG. 6G illustrates a compaction control compo-
nent in accordance with embodiments of the invention.
[0090] FIG. 7 illustrates a front portion of the vehicle
platform designed for impact absorption in accordance with
embodiments of the invention.

[0091] FIGS. 8A and 8B illustrate a cross sectional view
of an impact absorption element of the platform in accor-
dance with embodiments of the invention.

[0092] FIGS. 9A and 9B illustrate a cross sectional view
of an impact absorption element of the platform in accor-
dance with embodiments of the invention.

[0093] FIG. 10 illustrates a side view of a rear portion of
a platform that has been impacted in accordance with
embodiments of the invention.

[0094] FIGS. 11A and 11B illustrate a vehicle platform
portion for housing functional systems in accordance with
embodiments of the invention.

[0095] FIG. 12A illustrates a central portion of a vehicle
platform frame for housing an energy storage system in
accordance with embodiments of the invention.
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[0096] FIG. 12B illustrates a vehicle platform frame struc-
ture incorporating a top seal plate in accordance with
embodiments of the invention.

[0097] FIG. 12C illustrates a central bottom portion of a
vehicle platform frame for housing an energy storage system
in accordance with embodiments of the invention.

[0098] FIGS. 12D and 12F illustrate close-up and cross-
sectional views of battery modules in accordance with
embodiments of the invention.

[0099] FIG. 12F illustrates a rocker panel enclosing a
battery module in accordance with the prior art.

[0100] FIG. 13A illustrates a vehicle platform frame struc-
ture in accordance with embodiments of the invention.
[0101] FIG. 13B illustrates vehicle platform attachment
points on both vehicle platform and vehicle bodies in
accordance with embodiments of the invention.

[0102] FIGS. 13C and 13D illustrate vehicle body cou-
pling elements in accordance with embodiments of the
invention.

[0103] FIG. 14A illustrates a vehicle platform incorporat-
ing attachment points in accordance with embodiments of
the invention.

[0104] FIG. 14B illustrates a vehicle body incorporating
attachment points in accordance with embodiments of the
invention.

[0105] FIGS. 15A through 15D illustrate attachment point
elements in accordance with embodiments.

[0106] FIGS. 16A and 16B illustrate vehicle platforms in
accordance with the prior art.

[0107] FIGS. 17A to 17G illustrate a vehicle platform
front suspension system with a support arm structure in
accordance with embodiments of the invention.

[0108] FIGS. 18A to 18D illustrate a vehicle platform
suspension system with a leaf spring in accordance with
embodiments of the invention.

[0109] FIGS. 19A and 19B illustrate suspension attach-
ment points in accordance with embodiments of the inven-
tion.

[0110] FIGS. 20A through 20C illustrate leaf spring
attachment points in accordance with embodiments of the
invention.

[0111] FIG. 21 illustrates a cross sectional view of a
vehicle platform drive train and suspension system in accor-
dance with embodiments of the invention.

[0112] FIG. 22 illustrates a movement envelope of a
suspension system in accordance with embodiments of the
invention.

[0113] FIG. 23A illustrates a suspension system attach-
ment in accordance with embodiments of the invention.
[0114] FIGS. 23B through 23F illustrate an adjustable
suspension spacer in accordance with embodiments of the
invention.

[0115] FIGS. 24A to 24C illustrate a vehicle platform rear
suspension system with a leaf spring in accordance with
embodiments of the invention.

[0116] FIGS. 25A and 25B illustrate a load diagram of a
suspension system.

[0117] FIGS. 26A through 26C illustrate a variable cross
section leaf spring in accordance with embodiments of the
invention.

[0118] FIGS. 27A to 27C illustrate a vehicle platform
suspension system in association with drive train compo-
nents in accordance with embodiments of the invention.
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[0119] FIG. 28 illustrates a cross sectional view of a
vehicle platform motor system in relation to various com-
ponents of a suspension system in accordance with embodi-
ments of the invention.

[0120] FIGS. 29A through 29C illustrate various views of
a vehicle platform drive system in relation to a suspension
system in accordance with embodiments of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0121] Turning now to the drawings, vehicle platforms,
and systems, subsystems, and components thereof are
described. Many embodiments are directed to a self-con-
tained vehicle platform or chassis incorporating substan-
tially all of the functional systems, subsystems and compo-
nents (e.g., mechanical, electrical, structural, etc.) necessary
for an operative vehicle. Functional components, according
to embodiments, may include at least energy storage/con-
version, propulsion, suspension and wheels, steering, crash
protection, and braking systems. Various embodiments are
configured such that the functional components are stan-
dardized such that vehicle platforms may be interconnected
with a variety of vehicle body designs with minimal or no
modification to the functional linkages (e.g., mechanical,
structural, electrical, etc.) therebetween. Several embodi-
ments also incorporate configurations of functional compo-
nents within the vehicle platform such that there is minimal
or no physical overlap between the functional components
and the area defined by the vehicle body. Embodiments are
also directed to specific functional components of such
vehicle platforms, and the relative placement of the various
functional components, to allow for implementation of a
self-contained vehicle platform.

[0122] Specific functional components and systems in
accordance with many embodiments may include the
vehicle platform frame, the frame’s configuration, manufac-
ture and components. Various embodiments of vehicle plat-
form frames may include the specific arrangement of struc-
tural elements and the disposition of other functional
components in, on, and between such structural elements.
Vehicle platform frames in accordance with embodiments
may also include crash protection elements, including, but
not limited to, crumple or deflection zones, crash cans, etc.
In some embodiments, the vehicle platform frame structure
may also be configured with a variety of safety features and
subsystems that are designed to minimize damage to other
components as well as reduce injury to an end user of the
product. Embodiments of such safety features may be con-
figured to allow for the placement of passengers in non-
traditional locations within the vehicle body cabin.

[0123] Functional components of vehicle platforms in
accordance with various embodiments may also include
suspension systems, their configuration, construction and
components. Several embodiments incorporate suspension
systems that may comprise front and rear transverse leaf
spring suspension elements disposed within the horizontal
plane of the vehicle platform. Various embodiments of drive
train systems may comprise one or more motor and inter-
related transmission components disposed within the hori-
zontal plane of the vehicle platform in operative relationship
with one or both the front and/or rear wheels.

[0124] Functional components may also include embodi-
ments of energy storage systems (e.g., vehicle battery mod-
ules) within the vehicle platform frame. In various embodi-
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ments, energy storage systems are configured to use the
vehicle frame as the sealed energy storage system compart-
ment. Many embodiments of energy storage systems com-
prise a plurality of modular energy storage elements that are
independently orientable relative to the vehicle platform
frame.

[0125] The described apparatuses, systems, and methods
should not be construed as limiting in any way. Instead, the
present disclosure is directed toward all novel and nonob-
vious features and aspects of the various disclosed embodi-
ments, alone and in various combinations and sub-combi-
nations with one another. The disclosed methods, systems,
and apparatus are not limited to any specific aspect, feature,
or combination thereof, nor do the disclosed methods,
systems, and apparatus require that any one or more specific
advantages be present or problems be solved.

[0126] Although the operations of some of the disclosed
methods are described in a particular, sequential order for
convenient presentation, it should be understood that this
manner of description encompasses rearrangement, unless a
particular ordering is required by specific language set forth
below. For example, operations described sequentially may
in some cases be rearranged or performed concurrently.
Moreover, for the sake of simplicity, the attached figures
may not show the various ways in which the disclosed
methods, systems, and apparatuses can be used in conjunc-
tion with other systems, methods, and apparatus.

Discussion of Vehicle Platforms

[0127] Many electric vehicles operate on an underlying
vehicle platform or what is commonly referred to as a
skateboard. As shown schematically in FIG. 1, the vehicle
platform 100 provides the necessary functional framework
(e.g., mechanical, electrical, etc. components) allowing for
vehicle operation as well as a frame structure 102 on which
may be mounted the various functional systems, subsystems
and components of the vehicle such as the motors, suspen-
sion, wheels, and passenger compartments, and the vehicle
body 104 itself. In alternative fuel vehicles the vehicle
platform is also typically where the energy storage elements
106 (e.g., batteries for electric vehicles or fuel containment
areas for fuel cell vehicles) are located. One of the primary
goals in building such vehicle platforms is to keep their
construction as simple and flexible as possible so that many
vehicles can be designed and built on the same vehicle
platform. To accomplish this design goal it is important to
minimize the number of vehicle components that span
between the vehicle platform and the vehicle body. In an
idealized vehicle platform, all functional components not
specifically requiring user interaction would be located
within a vehicle platform that would define a horizontal
upper platform face such that any suitably sized body having
any desired body geometry or configuration could be
mounted thereto without requiring rearrangement of any of
the underlying functional elements. This was the original
vision of the GM AUTOnomy and Hy-wire concept
vehicles. (See, e.g., U.S. Pat. Nos. 7,281,600, 7,441,615,
6,899,194, 6,923,282, 6,935,658 and 6,986,401, the disclo-
sures of which are incorporated herein by reference.) How-
ever, these concept vehicles used prototype technologies
such as fuel cells and in wheel motors that have not proven
to be practical for production vehicles. Accordingly, despite
the importance of vehicle platform design, and the long
desire for vehicle platforms that are self-contained (i.e., that

Apr. 29, 2021

do not have one or more components that extend into the
body of the vehicle) and that provide maximum design
flexibility (i.e., that do not constrain the types of bodies that
can be attached), such self-contained vehicle platforms have
not been fully realized in production vehicles.

[0128] For example, although many electric vehicles
implement a skateboard or vehicle platform to support some
of' the features listed above, many such platforms still follow
the design traditions of conventional vehicles. For example,
many vehicles include elements, such as, for example,
suspension systems, steering linkages and other components
that extend above the plane of the vehicle platform. The
presence of these functional components in areas beyond the
confines of the vehicle platform limits the design possibili-
ties of the vehicle bodies attached to such platforms and
often requires the introduction of conventional design ele-
ments into the final vehicle body configuration, such as, for
example, hoods, and trunks, or otherwise limits design
flexibility. While the use of these traditional designs may
help simplify some elements of vehicle design, including,
for example, the use of traditional suspension systems or the
integration of conventional safety systems, the vehicles
configured for use with these more conventionally designed
vehicle platforms are unable to take advantage of the full
potential of the implementation of alternative fuel technolo-
gies.

[0129] The various embodiments described herein illus-
trate a vehicle platform that dramatically increases design
flexibility while maintaining essential comfort and safety
requirements. Embodiments also illustrate the adaptability
of the skateboard to a variety of body configurations for use
in a variety of operational environments. While the current
disclosure may divide many of the functional elements of
vehicle platforms into individual sections for clarity, it will
be understood that vehicle platforms according to embodi-
ments may combine, include or omit any of the described
functional elements as desired by a specific vehicle design.

Embodiments Implementing Vehicle Platforms

[0130] Turning now to the drawings, self-contained
vehicle platforms in accordance with embodiments of the
invention are illustrated in FIG. 2. It will be understood that
the term self-contained in this context is not meant to imply
that all functions of a vehicle are contained within the
vehicle platform, rather the term self-contained refers to the
inclusion within the core vehicle platform structure of such
vehicle platform embodiments certain key functional sys-
tems, sub-systems and components, including those needed
to generate propulsion and maintain the control and stability
of the vehicle. In other words, embodiments described
herein illustrate a skateboard platform that may be adaptable
to a variety of vehicle bodies that may be integrated there-
with without requiring the rearrangement or redesign of the
functional systems and components comprised within the
vehicle platform. Moreover, although many embodiments
exhibit vehicle platforms incorporating all the functional
elements described in the application, it will be understood
that various combinations of functional elements, such as,
suspension systems, impact features, batteries, etc., may be
included or omitted as required by the specific vehicle
design.

[0131] FIG. 2 illustrates the overall layout of a vehicle
platform 200 in accordance with many embodiments that
integrates one or more functional systems including energy
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storage, drive train, suspension, steering, braking, and safety
systems, sub-systems and components substantially within
the boundaries of the vehicle platform. As used herein, the
boundaries of the vehicle platform will be taken to comprise
a generally horizontal vehicle platform plane 202 extending
the width of the vehicle platform and from the top face 204
of the uppermost frame structure 206 to the bottom face 207
of the frame structure 208. In various other embodiments the
boundaries of the vehicle platform may also comprise areas
positioned anywhere within the upper and lower dimensions
of the wheels 210 and/or tires 211 of the vehicle. With
respect to the platform plane, it should be noted that, as
shown in FIG. 2, many embodiments of the vehicle platform
may comprise a frame having portions disposed at different
heights relative to each other (e.g., having front and rear
portions elevated relative to a central portion as illustrate in
FIG. 2), in such embodiments it will be understood that the
platform plane 202 may be described as an undulating plane
such that in some embodiments functional components are
defined as not extending above an undulating plane defined
by an upper face of the subject portion of the vehicle
platform frame. Regardless of the specific boundaries of the
vehicle platform, it will be understood that functional com-
ponents within this platform plane are disposed such that
they do not extend within the inner volume defined by a
vehicle body when secured atop the vehicle platform. Fur-
ther it shall be understood that the principal functional
systems described above and throughout are not inclusive of
the various wires and/or other busses and connectors that
might enable the connection of embodiments of the vehicle
platform to a vehicle body portion.

[0132] Vehicle platforms capable of allowing for such
self-contained layouts in accordance with embodiments may
be described in reference to various internal vehicle platform
portions: a central portion generally disposed between the
wheels, and front and rear portions extending from the end
of the central portion to the front and rear ends of the
vehicle. Descriptions of the specific frame elements will be
more fully described later, however, as shown in FIG. 2,
these portions are subdivided and the systems, subsystems
and components are configured within such that a self-
contained vehicle platform is realized.

[0133] The embodiment shown in FIG. 2 comprises an
exemplary functional layout suitable for an electric vehicle,
including an energy storage system (e.g., battery pack(s))
212), front 214 and rear 216 drive trains (e.g. electric motors
and associated power electronics, transmissions, etc.), and
control systems, such as suspension, steering and braking
218. As can also be illustrated in the embodiment of FIG. 2,
the drive train elements (e.g., motors, transmissions, etc.)
may be positioned in-line with the wheel and close to the
front and/or rear; portions of the vehicle platform frame 206
thereby allowing for increased passenger space within the
vehicle cabin. In addition to the propulsion systems and
suspension systems that may be incorporated into the
vehicle platform 200, many embodiments may incorporate a
variety of other components such as control systems
designed to operate a variety of other systems (e.g., brakes,
steering, cooling, etc.). In many embodiments, the frame
206 of the vehicle platform 200 also comprises a variety of
suspension systems 218 to connect the vehicle platform to
the wheels of the vehicle, provide road-holding, handling,
and ride quality functions. For example, the suspension
systems may be independent or dependent, and may include
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struts, springs, control arms, torsion bars, etc. In various
embodiments, the vehicle platform 200 incorporates a sus-
pension system layout that confines the suspension compo-
nents within the horizontal plane of the vehicle platform.
Such suspension systems, in some embodiments, may allow
for the direct or hard mounting of the cabin to the vehicle
platform to avoid the need for bulky interconnection bush-
ings to simplify the interconnection between cabin and
vehicle platform. Many such vehicle platform embodiments
may also include comfort control systems including HVAC
components (e.g., compressors, mixing systems, ductwork,
etc.).

[0134] The disposition of these functional systems and
components within the horizontal platform plane 202 allows
for any vehicle body design of suitable width and length to
be integrated with the vehicle platform by interconnection at
certain fixed attachment points 220 positioned along the
vehicle platform frame as long as the design accounts for
suitable mechanical (if any) or electrical interconnections to
allow for user control of the vehicle platform from within the
vehicle body.

[0135] As shown schematically in FIGS. 3A to 3C, vehicle
platforms 300, according to embodiments, allow for a wide
range of vehicle bodies 302 to be attached thereto through
attachment points whereby the vehicle bodies may connect
to the underlying vehicle platform frame. For example, FIG.
3B illustrates embodiments in which the body structure
disposed on top of the vehicle platform takes the form of a
van, while FIG. 3C illustrates a more traditional sedan-type
cabin disposed on top of the same vehicle platform.
[0136] The layout of the vehicle platform according to
embodiments, and particularly the self-contained nature of
the vehicle platform in which a substantially horizontal
platform having no significant elements intruding above the
upper face of the platform is provided for vehicle body
mounting, allows for the integration of vehicle bodies that
can take advantage of the full wheelbase of the vehicle
platform (e.g., moving passenger position as far forward and
rearward as possible) without significant constraint as to the
uses for which the interior space thus provided may be put.
This combination allows for creation of truly novel vehicle
interior designs. For example, as illustrated in FIG. 4,
interior seating 400 may include any desired arrangements
(e.g., front 402, side 404 and/or back-facing seats). The open
floor space afforded by the vehicle platform designs also
allows for furniture elements, such as tables or credenzas to
be included in such arrangements. While the vehicle body
shown in FIG. 4 still includes a traditional set of seats 408
for a driver and front passenger, it will be understood that
embodiments contemplate control systems that may be
designed to be completely autonomous thus negating the
need to have a set of forward facing seats. In such embodi-
ments, seats could be reconfigured to take any desired
arrangement. Even where a traditional driving configuration
is present, as shown in FIG. 4, the absence of functional
elements disposed above the platform frame in the front
section 410 of the vehicle removes the need for a traditional
dash or engine compartment allowing for novel control
placement and window arrangements.

[0137] Essentially, the unique vehicle platform configura-
tion of the various embodiments may allow for vehicle body
designs where the entire passenger cabin may be reconfig-
ured for desired purposes such as passenger transport or
other forms of transportation. Additionally, such embodi-
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ments may allow the vehicle to be used for public type
transportation similar to a taxi but would allow multiple
passengers to ride comfortably while also providing
adequate space for any luggage or belongings. Although not
shown in the figures, some embodiments of the vehicle
platform may also be modified to accommodate additional
cabins such as a pickup truck, sport utility vehicle, etc.
[0138] The above-discussion has focused on highlighting
the characteristic features of embodiments of self-contained
vehicle platforms suitable for use as functional platforms for
a wide-variety of vehicle designs. In the sections that follow,
focus will be placed on embodiments of specific configu-
rations of functional components that may be implemented
separately and in combination to achieve the desired vehicle
platform functionality.

Embodiments Implementing Vehicle Platform Frames

[0139] Referring to FIG. 5, a vehicle structural frame 500
in accordance with various embodiments is provided. As
shown, the structural frame 500 generally comprises a series
of interconnected structural elements configured to support
the vehicle as well as the necessary components to allow the
vehicle to function, and define one or more interior frame
spaces adaptable to accommodate functional systems, sub-
systems and components of the vehicle platform. Generally
these structural elements can be divided between left and
right frame rails 502 that extend from the front 504 to the
rear 506 of the vehicle and define the length of the vehicle,
and a plurality of lateral structural cross member elements
(e.g., 508, 510, 512, 514, 515, 516, 517, 518, 519) that
extend between the frame rails and define the interior width
of the vehicle. Although these frame rails and lateral struc-
tural elements are described collectively, it will be under-
stood that in accordance with many embodiments they may
and are often formed of multiple interconnected structural
elements.

[0140] In various embodiments, as shown in FIG. 5, the
frame rails 502 may be divided into a number of either
unitary or separate and interconnected structural members
that extend longitudinally between the front and rear ends of
the car. Starting at the front 504 of the vehicle platform, left
and right front frame rails 522 may extend backward from
the vicinity of the front motor support cross member 510.
Rearward of the front motor support cross members 510 the
front frame rails angle outward and extends rearward pass-
ing through the front torque box 523 to meet the left and
right mid-body side rails 524. Rearward of the mid-body
side rails, left and right rear frame rails 526 (which are either
extensions of or joined together with the mid-body side
rails) angle inward and extend to the vicinity of the rear
motor support cross member 518. For added strength and
rigidity a number of laterally disposed cross member struc-
tural elements 512, 514, 515, 516 and 517 may extend
between the mid-body side and front/rear frame rails (e.g.,
522, 524, 526). Although a specific number of lateral cross
member structural elements are shown spanning the mid-
body side rails in FIG. 5, it will be understood that embodi-
ments may incorporate any number of such cross member
structural elements suitable to provide sufficient lateral
support to the vehicle platform frame. In addition, further
inner longitudinal structural members 528 and 530 may be
provided to further strengthen the inner spaces of the mid-
body from collapse in case of front or rear impact. In various
embodiments, rails and structural members may be formed
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of'a common structural member (e.g., elements 524 and 538)
such that the tooling required for manufacture of the various
structural members may be reduced.

[0141] Additionally, in order to provide adequate safety of
the passengers, embodiments of the vehicle platform frame
500 may incorporate a variety of front/rear and side impact
crumple zones. For example, frame rails in the front 532 and
rear 533 in conjunction with front 508 and rear 519 cross-
member may work in concert as impact absorption/deflec-
tion zones to absorb or redirect an impact that occurs on
either the front or rear of the vehicle. The impact absorption/
deflection zones may incorporate a variety of features that
are known in the art including, but not limited to, being
made of an energy absorbing material, or being otherwise
configured to crumple or deform when subject to an impact.
Various materials may be used in the manufacture of the
vehicle platform frame 500 including, for example, steel,
aluminum, titanium, metal alloys, composite material, plas-
tics, carbon fiber, and various combinations thereof. Many
embodiments may utilize a variety of bonding techniques to
connect the various components, such as, for example,
welding and/or bolting. Additionally, some components may
be manufactured in any manner suitable to produce a portion
of the framework that meets the desired outcome in terms of
strength, function, and/or appearance.

[0142] Although specific arrangements structural mem-
bers, materials and methods of manufacture are described
above, it will be understood that many possible arrange-
ments of structural members may be implemented that result
in the creation of a plurality of inner frame volumes.
Specifically, as shown in FIG. 5, lateral structural elements
508 to 512 extending between right and left front frame rail
elements 522 define a front body space 534 in and around
the front axle of the vehicle platform. Likewise, lateral
structural elements 517 to 519 extending between left and
right rear frame rail elements 526 define a rear body space
536 in and around the rear axle of the vehicle platform.
Between the front and rear body space lateral elements 512
to 517 extending between side rails 522 to 526 define a
mid-body space 538, which itself in many embodiments
may be formed of a plurality of separate volumes by internal
lateral and longitudinal structural elements (as shown by
elements 528 and 538 in the embodiment illustrated in FIG.
5). In various embodiments, portions of the front 522 and
rear 526 rail elements and respective front 534 and rear 536
body spaces may be elevated relative to the rest of the
vehicle frame to accommodate functional drive train com-
ponents, and the frame may include other elements to
surround and protect an energy conversion system. Where
portions of the vehicle platform frame are disposed at
different elevations relative to each other, it will be under-
stood that the horizontal platform plane may take on an
undulating conformation, as previously discussed.

[0143] Although many embodiments are described, it will
be recognized that the vehicle platform frame can take many
different forms, in addition to the cage-like structure of the
embodiment depicted in FIG. 5. In various embodiments,
the vehicle platform frame may generally comprises any
arrangement of two or more longitudinal structural members
spaced a distance apart from each other, with two or more
transverse structural members spaced apart from each other
and attached to both longitudinal structural members at their
ends such that interior spaces sufficient to dispose the
functional components of the vehicle platform are formed.
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Alternatively, the vehicle platform frame may also be
formed of integrated rails and cross members formed in
sheets of metal or other suitable material, again such that the
arrangement is suitable to accommodate various functional
components. In addition, frame structures according to
embodiments may be configured to incorporate one or more
of the functional elements described in one or more of the
preceding and following sections of this disclosure.

Embodiments Implementing Impact control Features

[0144] As discussed above, with respect to the various
features and characteristics that can be integrated into
embodiments of the vehicle platform, vehicle platform
frames may also include crash protection elements, includ-
ing, but not limited to, crumple or deflection zones, crash
cans, etc. FIG. 5 in conjunction with FIGS. 6A through 10
illustrate various embodiments of impact features that may
be implemented within the framework of various vehicle
platforms.

[0145] Referring to FIG. 5, many embodiments of the
vehicle platform may have a variety of safety features and/or
elements incorporated into the front 504 and rear 506 spaces
of the framework. For example, the front space 504 may
have an upper load path 545 and a lower load path 550 each
of which will take on a different load in the event of a vehicle
impact. The load paths as described herein refer to the path
in which energy is directed during an impact event. As a
vehicle can be exposed to any number of impact types, the
different load paths can be designed to operate in a variety
of manners to help absorb and deflect the energy of the
impact. For example, the Insurance Institute of Highway
Safety (ITHS), as well as the National Highway Traffic
Safety Administration (NHTSA), routinely performs a num-
ber of vehicle impact tests to evaluate the safety features on
vehicles. A zero degree full frontal impact test as well as
partial overlap tests are generally performed on the front
passenger and driver sides of the vehicle. The IIHS evalu-
ates, among other things, the amount of passenger compart-
ment penetration in such tests and looks at the various
structural elements that helped prevent or failed to prevent
such penetration. Additionally, the IIHS performs similar
side impact tests looking at similar penetration aspects.

[0146] The many frontal impact tests illustrate that the
front portion of a vehicle can experience high-energy
absorption and thus many embodiments may require higher
energy absorption over a short distance due to the reduced
size of the front engine compartment. Thus, many embodi-
ments may implement a rigid barrier such as the upper rail
elements 532 to perform the high-energy absorption early on
in a frontal impact. However, it is undesirable for the load
path to experience stack-up that results in bottom-out of the
energy absorption elements throughout the event. Accord-
ingly, many embodiments may utilize a lower load path
structural element 555 configured to engage in the beginning
of the impact up to a desired point and then disengage from
the impact direction. The disengagement can aid in remov-
ing the vehicle from the direction of the impact, for example,
by deflection of the impact. The lower load path element 555
in accordance with many embodiments may not perform like
a typical break away feature because they can maintain the
overall connection and integrity with the frame during
frontal impacts as well as offset or partial offset impacts.
Such features can help to prevent or reduce the penetration
into the passenger compartment.
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[0147] Referring now to FIGS. 6A and 6B, an embodiment
of a lower load path element 600 is presented. In many
embodiments, the lower load path element 600 may be
connected to a portion of the frame 602 that has a fixed
length and may have multiple key elements designed to
absorb the energy from an impact in different ways. For
example, the front portion of the lower load path may be
configured with a lower load path crush zone 604 that is
designed to crush during an impact. The crush zone 604 may
have a controlled deformation similar to a traditional
crumple zone; however, the crushing may only occur over a
desired range or distance. In accordance to many embodi-
ments, the desired crush distance can be controlled by
various elements such as a crush control element 606. The
crush control element 606, in accordance with many
embodiments, is designed to keep the crushing within the
desired crush zone 604 before transmitting the impact forces
into any additional element. This can help to prevent the
undesirable stack up that can often occur in a typical
crumple zone. Once the lower load path crush zone 604 has
reached the desired crush distance a bending element 608 is
then designed to bend the lower load path element 600 in a
direction that can help move or adjust the vehicle away from
the direction of impact. Furthermore, such elements help to
reduce or eliminate the impact on the frame structure 602
thereby allowing for increased safety. In accordance with
many embodiments, the length of the crush zone 604 and
control element 606 can be adjusted to account for the
change in forces that may vary with the number of top hat
configurations that the vehicle may assume. FIG. 6B illus-
trates a lower load path element 600 after it has undergone
an impact. It can be seen the crush zone 604 is compacted
and the bending element 608 has been deformed in such a
way to minimize damage to the vehicle.

[0148] FIGS. 6C-6F provide an illustration of a sequence
of impact energy absorption that may occur in accordance
with many embodiments. For example, FIG. 6C illustrates a
lower load path 600 prior to the introduction of impact
energy and an arrow 610 that indicates the direction of the
impact energy. FIG. 6D illustrates an embodiment of the
initial crumpling that may occur in the crush zone 604 and
how the control element 606 can limit the amount of
crumpling that can occur before the energy is transferred
into the bending element 608. FIG. 6E further illustrates the
bending element 608 allowing for bending to occur over a
desired range such that the impact energy does not adversely
affect the portion of the frame structure 602, Finally, FIG. 6F
illustrates an embodiment of a final state of the lower load
path after the absorption of the impact energy 610.

[0149] The lower load path element as illustrated in FIGS.
6A-6F can help to take advantage of many things found in
an electric vehicle and/or an electric vehicle platform as
described in the many embodiments illustrated herein. For
example, as illustrated in some embodiments the upper body
can be expanded to the near extremes of the platform and
increase the volume of space within the passenger compart-
ment. The lower load path element, in many embodiments,
can help to prevent passenger compartment penetration over
a shortened distance from a shorter motor compartment.
This can allow for a smaller overall footprint of a vehicle yet
capitalize on the available space within that footprint and
drastically improve the design capabilities of a body for the
platform.
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[0150] Turning now to FIG. 6G embodiments of a crush
control element 606 can be seen within a lower load path. As
described above, the crush control element 606 may be
positioned within the lower load path 600 such that it aids in
reducing the amount of compaction that the portions of the
vehicle frame will ultimately see during impact. Addition-
ally, as previously discussed the crush control element 606
can be adjustable to account for the variety of different
vehicle configurations. For example, in some embodiments,
the crush control element may be comprised of an upper 612
and a lower 614 component. Each of the upper 612 and
lower 614 components can be configured have a variety of
designs that allow for reduced weight and improved strength
in accordance with many embodiments. Additionally, many
embodiments may incorporate one or more mounting holes
616 that run through the crush control elements such that the
crush control element 606 can aid in securing the crush zone
portion 604 to portions of the vehicle frame along the lower
load path. In some embodiments, the crush control element
606 can be secured with bushings or bolts or any number of
securing elements sufficient for the desired operation of the
crush zone.

[0151] Referring back to FIG. 5, many embodiments of
the front zone of the frame 504 may, as previously described,
have a variety of crash features or impact protection fea-
tures. For example, the upper load path 545 may have
crumple zone or crush components built into the various
structural elements such as the upper front frame rails 532.
Such elements can be essential to a frontal impact and
having multiple crush elements can help to quickly absorb
the energy from a frontal impact. However, as mentioned
some impacts can occur at an offset to the front of the
vehicle. As such, the IIHS performs offset crash tests to
evaluate the impact on the passenger compartment. Accord-
ingly, many embodiments may incorporate deflector ele-
ments (560 and 565) into the upper and lower load path
components. The deflectors, according to many embodi-
ments can absorb a portion of the impact along the load path
but then act primarily to deflect the vehicle away from the
primary direction of the impact. It is more desirable to limit
the interaction with a shallow offset rigid barrier and dis-
engage the vehicle from the barrier as quickly as possible.
Therefore, many embodiments may implement a deflector
system.

[0152] Referring now to FIG. 7, embodiments of a front
portion of a framework for an electric vehicle platform can
be seen. FIG. 7 illustrates a closer view of an embodiment
of an upper and lower load path deflector is presented. The
upper deflector 702 in many embodiments may be attached
to and extend outward from the upper impact beams 704 or
away from the centerline of the vehicle. In many embodi-
ments, the upper deflector 702 can be contoured to match the
body of the vehicle. As shown in FIG. 7 many embodiments
may keep a space 706 between the outer portion of the upper
deflector 702 and the upper impact beams 704. In some
embodiments, this space 706 may be reduced by way of a
spacer element 708. The spacer element 708 in many
embodiments may be a rigid element that may be formed or
attached to the upper deflector 702. The spacer 708 may take
on any number of desired shapes; however, some embodi-
ments may incorporate a triangular shape. The intent of the
spacer is to allow for the impact energy from an offset
impact to instigate a bending moment on the upper deflector
to the point where the spacer influences the upper impact
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beams. Having absorbed some energy the impact between
the spacer 708 and the upper impact beams 704 can then act
to redirect the energy from the overall impact to deflect or
push the vehicle away from the source of the impact such as
a rigid barrier.

[0153] The upper deflector 702 in some embodiments may
be designed to act in conjunction with the lower deflector
710. The lower deflector 710 in many embodiments may be
a rigid element that is attached to the lower load path impact
beams 712. In many embodiments, the lower deflector 710
may have a pre-shaped portion 714 that engages with the
front portion of the lower load path impact beam 712, may
be connected with a front crossbeam 716, and may extend
rearward and outward at an angle away from the front of the
vehicle. In some embodiments, the lower deflector 710 may
be attached to the lower load path impact beam 712 by way
of a connection bracket 718. Many embodiments of the
lower deflector may be designed to redirect the energy from
an offset impact to push the vehicle off the impact source as
quickly as possible. In many embodiments, the angle of the
lower deflector may be parallel to the angle of the bent upper
deflector. In other words, when the upper deflector 702 has
been deformed or bent to the point in which the spacer 708
affects the upper impact beam, the brunt of any remaining
impact force can then be directed to the lower deflector 710
and lower impact beam. Pairing the angles of the upper and
lower deflectors can help to quickly push the vehicle away
from the source of impact and ultimately help to reduce the
potential penetration into the passenger compartment.
Although, a specific embodiment of deflectors is shown, it
should be understood that the deflectors could be tuned to
accommodate any number of impact loads that may be seen
in accordance with any number of upper body component
used. Additionally, in accordance with many embodiments,
the impact components such as the spacer 708 and other
deflector elements can be manufactured from any number of
materials including metal, composite, carbon fiber, etc.
Moreover, in many embodiments may have elements manu-
factured of materials similar to other portions of the frame-
work. It should be appreciated that many embodiments of an
electrical vehicle platform may incorporate one or more
impact features described in relation to the front impact
zone.

[0154] Referring back to FIG. 5, some embodiments may
also incorporate additional crash or impact protection ele-
ments that may be incorporated into the rear and/or front
frame rails (522 and 526 respectively). For example, refer-
ring now to FIGS. 8A and 8B, cross sectional views of
embodiments of a front rail 800 is presented. Such embodi-
ments as illustrated in FIG. 8 may include a number of
bulkhead elements (802, 804, 806, & 808) that are posi-
tioned central to the rail elements near a transition point 810
between the upper rail 812 and a mid-body rail 814. The
bulkhead elements (802, 804, 806, & 808) may be posi-
tioned such that there is a space 816 between the central face
810 of each of the bulkheads. The bulkheads, in accordance
with many embodiments, can act as a stopping mechanism
that reduces the bending or crumpling from an impact. For
example, a frontal impact may cause a bending or crumpling
to occur along the length of the rails. The bulkheads, in
many embodiments can add strength and stiffness to the rails
and during the impact the front and rear bulkhead can be
designed to impact and thus stopping or reducing the effects
of the impact. Essentially, the bulkheads can help to control
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and reduce the intrusion into the passenger compartment.
Although a certain spacing between the front and rear
bulkhead elements is shown, it should be recognized that the
spacing might be adjusted by any number of methods to
accommodate a variety of impact loads. Accordingly, as the
body of the vehicle changes the space as well can be
adjusted.

[0155] As illustrated in FIG. 8A, the bulkheads may be
comprised of multiple components. The front bulkhead may
have two parts (802, 804) that are designed to cooperatively
engage one with the other yet in the event of an impact the
front two bulk head elements (802, 804) may barely contact
or not contact at all. In other embodiments, the two bulkhead
components may be bonded together in such a manner that
they remain in contact with each other before and during the
impact. In some embodiments, the two front bulkhead
components may have one or more flanges (818, 820)
designed to overlap various interconnection points between
the two components. For example, one or both may have a
flange portion that overlaps a portion of the rail such that it
may form a connection point between the bulkhead elements
and the rails. Such attachment flanges may be present on
both the front and the rear bulkhead elements. Although a
specific design of the front and rear bulkhead elements is
illustrated, it should be understood that the design, overlap,
layout, connections, and/or material used for the bulkheads
could vary in accordance with the safety requirements.
Similar to the other frontal impact elements, the use of
bulkhead elements within the rails can help maintain desired
safety requirements while taking advantage of the many
characteristics of electric vehicles including maximizing the
use of space in the passenger compartment.

[0156] Other embodiments may implement additional or
modified bulkhead elements within the rails. For example,
FIG. 8B illustrates a cross sectional view of rail elements
with modified bulkhead components 822. Some embodi-
ments may incorporate the transition point 810 or a bending
point within the modified bulkhead. In various embodi-
ments, the modified bulkhead can extend between the upper
and mid-body rails (812 & 814) thereby acting as a con-
nection element that can serve as both a strengthening
component as well as an impact absorption device within the
rails. Some embodiments may also use a longitudinal bulk-
head 824 that runs along a longitudinal axis of the rail. In
other embodiments, the longitudinal bulkhead 824 may be
placed in any one of the rails where a potential impact may
occur. Moreover, although many embodiments exhibit
vehicle impact features that may be included or omitted in
vehicle platforms as described in the application, it will be
understood that various combinations of such features may
be used in any number of vehicle designs.

Embodiments Implementing Rear Impact Zones

[0157] Referring back to FIG. 5 in relation to the overall
frame an embodiment of a vehicle platform, many embodi-
ments have rear crush rails 533 and left and right rear frame
rails 526 that are designed to absorb and/or deflect the
energy from a rear impact. A rear impact can come from any
number of events, including an oncoming vehicle while one
is moving or stopped or the rearward movement into another
moving or stationary object. Accordingly protecting the
passenger compartment from rearward penetration can be
just as important as the front. This is especially true under
the context of many embodiments of the vehicle platform
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that maximizes the occupant space. As previously men-
tioned, the maximization of space creates shorter front and
rear drive train compartments that present unique challenges
in designing adequate safety features. The forward and the
rearward portions 504, 506 may in some embodiments be
strengthened to provide increase safety but without the
added weight that can dramatically affect the efficiency of
the vehicle operation.

[0158] Referring now to FIGS. 9A and 9B an embodiment
of the rear frame rails are illustrated in several cross sec-
tional views. In some embodiments, it may be desirable to
reduce the overall weight of the vehicle platform while
maintaining the necessary strength to functional components
of the overall vehicle. Some embodiments may incorporate
multiple reinforcement bulkheads 902 along the length of
the inner portion of the rear frame rails 900. The reinforce-
ment bulkhead 902 according to embodiments can help to
strengthen and stiffen the frame rails 900 in two different
scenarios. First, the bulkheads 902 that may be positioned
near the rear of the vehicle can be positioned such that they
provide added stiffness and strength to the rails 900 to
support the rear suspension system. Additionally, the rear
most bulkheads can add stiffening material to help absorb
impact energy from a rear impact. Likewise, the other
bulkheads 908 that run forward along the length of the rear
frame rail 900 may be positioned at various intervals to add
strength and stiffness to the rear frame rail 900. The addi-
tional bulkheads, in accordance with many embodiments,
can add additional strength and stiffness to the rear rails to
minimize bending and compaction along the length of the
rails during a rear impact. It can be appreciated from FIGS.
9A and 9B that the reinforcement bulkheads 902 may be
positioned along the centerline of the rail 900 and may be
sandwiched between an outer wall and an inner wall.
Although a specific arrangement of bulkheads is illustrated,
it can be appreciated that any configuration of bulkheads
within the rear frame rail 900 may be used to strengthen and
stiffen the rails without dramatically increasing the weight of
the vehicle. In many embodiments, the bulkheads may be
manufactured by a variety of methods including stamping,
molding, casting, and/or forming both cold and hot. Like-
wise, the bulkheads may be made from any number of
materials including metallic, carbon fiber, composite, etc.

[0159] The impact energy can be absorbed in any number
of ways and through a variety of components during an
impact. Therefore, as has been emphasized throughout, the
protection of the passenger compartment is a key element in
the safety features of a vehicle. Illustrated in FIGS. 9A and
9A the rear frame rails have an offset undulation 905 along
the length of the rail 900. This can also be true for embodi-
ments of the front portion of the vehicle as shown in FIG. 5.
The undulation 904, in accordance with various embodi-
ments, can help to increase the space in the passenger
compartment while providing adequate space in the vehicle
platform to support addition functional elements. However,
the undulation 904 can create a stress point along the length
of the frame rails 900 and may require additional stiffness.
While traditional vehicles may add thickness to the rails,
many embodiments of the platform may incorporate an
overlapping reinforcement patch 906. The reinforcement
patch can act as a stiffener to the rail 900 in the event of a
rear impact. The added stiffness, in many embodiments can
help prevent the rear drive train and other functional com-
ponents from bending up and into the passenger compart-
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ment. Likewise, such patches can help to reduce the buck-
ling seen by the rails in a rear crash. In accordance with
many embodiments, the success of a reinforcement patch
can be illustrated by FIG. 10. As shown, a small buckling
zone or minimized buckling is illustrated in the undulation
of the frame after a simulated rear impact. Such reduction in
buckling is highly desirable with respect to prevention of
damage to the passenger compartment. Many embodiments,
function to improve impact energy absorption and thus
reduce the effect of the impact on the passenger compart-
ment. This helps to ensure a safer vehicle for the passengers.
Moreover, although many embodiments exhibit vehicle
impact features for the rear of the wvehicle. it will be
understood that various combinations of such features may
be included or omitted as required by the specific vehicle
design.

Embodiments Implementing Compartmentalized Energy
Storage Systems

[0160] Regardless of the specific arrangement of structural
elements and or impact features that may be implemented in
the many embodiments of a vehicle platform, the vehicle
platform may also provide a rigid structure to support all of
the necessary functional systems and components, such as,
for example, drive train components, energy storage system,
suspension system with wheels (each wheel having a tire),
steering system, and braking system are mounted. Again, to
achieve a substantially horizontal upper vehicle platform
face, many embodiments distribute these functional systems
throughout the open spaces of the vehicle platform and
configured such components and systems such that they do
not extend or protrude substantially higher than the highest
point of the vehicle platform frame, as shown in FIGS. 11A
and 11B. Substantially higher can be defined as an amount
greater than the top of any of the wheels and/or tires of the
vehicle. Where the wheel is defined by the size of the rim
and wheel hub, and the tire as being disposed around the
periphery of the wheel.

[0161] Specifically, FIG. 11A illustrates embodiments of
an energy storage system 1100 (e.g., a compartmentalized
battery pack) disposed within the interior spaces of the
mid-body space 1102 of the vehicle platform 1100. FIG. 11B
illustrates embodiments of front and rear suspension systems
1106 disposed within the platform plane of the vehicle
platform 1100. As implemented, embodiments of suspension
systems 1106 allow for the packaging of all functional
components within the frame 1108 of the vehicle platform or
within the profile of the wheel 1110 of the vehicle body.
Similarly, as shown in FIG. 11B all drive train elements
including front and rear motors and transmissions 1112 are
configured such that they are confined within the raised
portions of the platform plane at the front 1114 and rear 1116
of the vehicle platform 1100. Note that although a dual drive
train system is shown in the illustrations, embodiments
contemplate implementations of vehicle platforms having
single (front or rear) drive trains. As previously discussed,
such a substantially horizontal upper vehicle platform
enables the attached vehicle body to incorporate a passenger
area within the body that extends the length of the vehicle
platform without the need for sealed off mechanical, elec-
trical, etc. compartments, such as the engine and trunk
compartments typically found in internal combustion
engines.
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[0162] Many embodiments of vehicle platforms may
implement energy storage systems similar to those illus-
trated in FIGS. 11 A through 12F. Various embodiments may
position the energy storage systems within a mid-body
interior space 1102 of the vehicle platform frame 1108 as can
be seen in FIG. 11A. Such placement, on the mid-point of
the vehicle and at the vehicles lowest point is advantageous
for a number of reasons. The energy storage system for most
alternative fuel vehicles (whether pure electric or fuel cell)
typically comprises a large proportion of the weight of the
vehicle. By placing this heavy component mid-vehicle and
as close to the ground as possible, the center of gravity of the
vehicle is shifted closer to the road. This low center of
gravity tends to improve the handling characteristics of the
vehicle. However, placing the energy storage system this
close to the ground creates potential hazards. In both fuel
cell and battery, electric vehicles the energy storage com-
ponents can combust if they are damaged, either during a
collision or through impact resulting from a road hazard,
such as penetration of an object into the containment vessel.
To address this issue, many electric vehicle manufacturers
design energy storage systems as a monolithic pre-sealed
unit, which is inserted into and separately sealed within a
mid-body interior space of the frame. While this double hull
construction does increase the force required to penetrate the
battery compartment, and the frame of the energy storage
system vessel may serve as a rigid lateral stabilizing element
within the large open frame, the drawback is that inclusion
of such a vessel into the vehicle adds greatly to the weight
of the energy storage system, which ultimately can have a
negative impact on vehicle range with minimal improve-
ment to vehicle safety.

[0163] Energy storage systems in accordance with many
embodiments of the vehicle platform are designed with
various structural and functional features to aid in the
simplicity of design and use, and overall adaptability of the
electric vehicle and vehicle platform to a variety of con-
figurations. In various embodiments, as shown in FIG. 12A,
the vehicle platform 1200 incorporates a vehicle battery
system energy storage system comprised of a number of
separate modular vehicle battery elements 1202 intercon-
nected together and with the other elements of the drive train
through a suitable configuration of wires and/or buses 1204,
and battery support systems 1206 (e.g., cooling, battery
disconnects, and power management components). These
modular vehicle battery elements 1202 are disposed within
the mid-body space 1208 of the vehicle platform frame 1210
such that the structural elements of the frame 1210 and top
and bottom (1212/1214 in FIG. 12B) cover plates of the
vehicle frame combine to directly form the sealed battery
containment vessel for the vehicle battery elements. By
using elements of the frame 1210 as the containment vessel
for the energy storage system, in accordance with embodi-
ments, substantial weight savings can be realized.

[0164] As previously discussed, one of the reasons con-
ventional electric vehicles utilize an energy storage system
disposed within a rigid vessel is to provide additional
structural stability to the vehicle platform frame, which
would otherwise have a large open middle section. Embodi-
ments address the loss of such a rigid vessel body by
integrating into the frame 1210 a variety of cross member
structural elements, which subdivide the interior space of the
mid-body of the vehicle platform into a number of separated
interior spaces. It should be noted that cross member struc-



US 2021/0122223 Al

tural elements in this context might include both lateral cross
members 1216 and longitudinal members 1218. Although
certain configurations of structural elements are shown, it
should be understood that any number and arrangement of
such structural members might be implemented such that
sufficient frame stability is created. In addition to conferring
additional stability to the vehicle platform, such interior
structural members also provide support elements for one or
more of the battery elements 1202 and/or support compo-
nents 1206 disposed within the frame battery compartment,
and for vehicle body elements mounted to the vehicle
platform, as will be discussed in detail in the sections to
follow.

[0165] In addition to the internal support members, the
vehicle platform may incorporate a variety of other features
to aid in ensuring the protection of the energy storage system
from external damage as well as serve as structural support
for the electric vehicle. For example, some embodiments
may incorporate the use of additional impact absorption
components arranged on the side rails 1219 of the vehicle
frame (e.g., crash cans, not shown) to absorb or redirect the
energy resulting from an impact. Front and rear structural
members 1220 may also be configured to deform, similar
embodiments described above, thus reducing affect damage
to the energy storage system during a front and/or rear
collision.

[0166] Additionally, many embodiments may use a bot-
tom cover plate 1214 similar to that illustrated in FIG. 12B
to protect the energy storage compartment from objects
below the vehicle platform. Some embodiments may incor-
porate additional safety measures and/or devices to prevent
unwanted intrusion into the battery storage compartment.
For example, the conventional approach might be to install
a bottom cover plate that is sufficiently thick to absorb the
energy of an impact completely, however, this solution
results in high mass penalties. Accordingly, many embodi-
ments employ a sacrificial shear panel/layer 1222 attached
under the energy storage system compartment that is con-
figured to shear off when the bottom cover plate 1214 is
impacted, as illustrated in FIG. 12C.

[0167] The modularity of the vehicle battery elements in
accordance with embodiments confers other advantages
over conventional monolithic batteries. Implementations of
such modular batteries allows for facile adjustment to their
configuration during either manufacture or maintenance.
Specifically, the modularity allows energy storage to be
adjusted depending on the size and quantity of electric
storage required for the function of the vehicle. For example,
various embodiments may allow for the creation of differ-
ent-range versions of vehicles simply by varying the number
of battery modules inserted into the energy storage system.
Other embodiments may allow additional battery modules to
be used with larger top-hat configurations that may require
additional energy for adequate functionality. Additionally,
the modularity of the energy storage system in many
embodiments, allows the ability to replace individual ele-
ments that may fail without the need to remove the entire
energy storage system thereby reducing the cost of battery
replacement throughout the life of the vehicle.

[0168] Another advantage of the battery modularity
implemented according to embodiments is the ability to
orient the individual modular battery components as desired.
Accordingly, many embodiments can allow for the
improved battery efficiency as well as improved or more
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efficient packaging of the battery modules within the vehicle
platform. As shown in FIGS. 12D and 12E, battery modules
1202, according to many embodiments, can be packaged
with one or more integrated cooling elements 1224. While
the primary function of the embodiments of the cooling
elements is to maintain the temperature of the batteries and
serve as a heat transfer tool to transfer and reuse the heat
from the battery elements to other systems of the vehicle
platform or more broadly vehicle, in various embodiments
of the vehicle platform they may serve as a secondary
structural component.

[0169] Specifically, according to many embodiments,
cooling elements 1224 comprise elongated rigid bodies 1226
having a variety of channels and heat plates 1228 disposed
therein that may be used to aid in cooling and/or running
other heat transfer elements. These heat transfer elements
and battery support plates are extremely rigid and typically
made from a metal to encourage heat transfer. Accordingly,
in various embodiments, as shown for example in FIG. 12A,
battery modules 1202 may be oriented in a varying geometry
such that these rigid cooling elements 1224 may serve as
secondary structural elements. Specifically, as shown in
FIG. 12 A battery modules in the front and rear of the energy
storage system are disposed geometrically parallel to the
longitudinal axis 1230 of the vehicle platform such that they
serve as structural elements against deformation of the frame
1210 into the energy storage system from potential front or
rear impacts. In contrast, battery modules 1202 disposed
within the central portion of the energy storage system are
disposed geometrically transverse to the longitudinal axis
1230 of the vehicle thus allowing the battery modules to
serve as a further lateral structural support for the vehicle
platform frame in the case of side impacts. In some embodi-
ments, sufficient additional stability may be provided by
arranging such battery modules to allow for the removal of
the interior structural frame elements 1216/1218 thus further
reducing vehicle weight and increasing the number of bat-
tery modules that can be positioned within the vehicle
platform frame.

[0170] FIG. 12F illustrates a view of a conventional bat-
tery compartment and the adjacent framework of a vehicle
body. It can be seen that traditionally additional side impact
absorption devices are not incorporated. For -electric
vehicles, protecting the battery in side crash events (espe-
cially the pole impact) is challenging given the available
crush space. Moreover, having an efficient lightweight solu-
tion is even more challenging. For example, many vehicle
companies address this by incorporating rockers having very
heavy longitudinal beams to absorb the impact energy.
These beams are expensive, heavy and produce very high
decelerations.

[0171] In accordance with many embodiments, a variety
of safety features may also be designed to integrate with the
vehicle platform on attachment with the vehicle body, such
as, for example, side impact energy absorption devices. In
such embodiments, the side impact absorption devices may
be arranged such that they are between an inner wall of the
vehicle body and the outer wall of the vehicle platform
frame. Embodiments of the side impact absorption devices
are designed to protect the battery compartment from dam-
age in the event of a side impact.

[0172] Turning to the construction of the battery elements
themselves, battery elements according to the embodiments
may consist in a variety of forms (e.g., lead-acid, nickel
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metal hydride (NiMH), Zebra (hot salt), lithium-ion and
lithium polymer), etc. It will be understood that the battery
selection can vary based on the desired use of the electric
vehicle as well as the potential environmental risks. More-
over, although many embodiments exhibit energy storage
systems within embodiments of vehicle platforms 1, it will
be understood that various combinations of such systems
and their structural and functional components may be
included or omitted in any number of designs included the
many embodiments of vehicle platforms.

Embodiments Implementing Vehicle Body Couplings

[0173] In embodiments, the vehicle frame may be further
configured to support an attached body, as shown in FIGS.
13A and 13B. Embodiments of a vehicle body may be soft
or hard mounted to the vehicle platform frame 1300 through
a plurality of interconnective load-bearing couplings 1302 as
shown in FIG. 13B. As shown in FIG. 13B, the vehicle
frame couplings 1302 are cooperative with couplings 1304
on a vehicle body 1306 and together function to physically
interconnect the vehicle body to the vehicle platform.
Embodiments of suitable couplings may take any form,
including, for example, releasable couplings such as bolts,
screws, latches, etc., and non-releasable couplings such as
weld flanges or riveting surfaces. In various embodiments,
the couplings comprise cooperative brackets with associated
boltholes. FIGS. 13C and 13D illustrate various embodi-
ments of vehicle body coupling hardware. As shown, cou-
plings may consist of one or more bracket designs 1308
configured to complementarily engage corresponding cou-
plings on the vehicle platform. In other embodiments, the
coupling may also incorporate one or more coupling caps
1312 to cover the associated attachment brackets.

[0174] Referring again to the discussion of FIGS. 11A and
11B, above, the functional systems and components (e.g.,
drive train, energy storage, steering, braking system, etc.)
are configured and positioned within the frame of the vehicle
platform to minimize the overall vertical height of the
vehicle platform and to maintain a substantially horizontal
upper vehicle platform face (e.g., a face that follows the
contours of the upwardly facing contours of the vehicle
platform frame and the functional systems and components
disposed therein). As shown in FIGS. 13A and 13B, vehicle
bodies, according to embodiments have a corresponding
lower body face 1314 that is configured to substantially
follow the exposed contours of the upward facing vehicle
platform contour 1316.

[0175] Although not shown, it will be understood that
embodiments of vehicle platforms and matable vehicle
bodies also include complementary functional connectors
(e.g., mechanical, electrical, fluid, etc.) necessary to allow
for the control and functioning of the various systems and
components of the wvehicle platform. Such connectors,
according to various embodiments, are configured to dis-
connect between the base or platform and the vehicle body.
In other words, the connections for things such as braking
and steering may be mechanically disconnected between the
two vehicle components. In various embodiments one or
more electrical connectors may function as power connec-
tors (e.g., to transmit power between the vehicle platform
and the vehicle body) and signal conduits (e.g., to transmit
control or informational signals between functional systems
in the vehicle platform and the vehicle body). Embodiments
of such electrical connectors may include any device suit-

Apr. 29, 2021

able to connect one or more electrical wires with other
electrical wires. In various embodiments, one or more fluid
connectors or vents may be disposed between the vehicle
platform and the vehicle body to allow the flow of liquids or
gases therebetween. Many embodiments may also include
one or linkages that are more mechanical configured to
transmit physical controls between vehicle platform and
vehicle body. In many embodiments, the vehicle body and
platform are configured such that no mechanical control
linkages are used. In certain embodiments, “control-by-
wire” connections can be utilized (e.g., steer-by-wire, brake-
by-wire, etc.), further reducing or eliminating the need for
mechanical control linkages. A by-wire system is character-
ized by control signal transmission, and includes systems
configured to receive and respond to control signals in
electronic form via a control signal between the vehicle
platform and vehicle body. Many suitable by-wire systems,
as will be known in the art may be used with such embodi-
ments.

[0176] In various embodiments, in addition to the plat-
form/body couplings and any necessary functional system
couplings, embodiments implement anchor points for inter-
connecting elements within the vehicle body (e.g., passenger
seats or other interior elements) directly onto the upper face
of the vehicle platform frame. Embodiments of such inter-
connections are illustrated in FIGS. 14A and 14B. As shown,
in various embodiments the vehicle platform frame 1400 can
incorporate attachment points 1402 disposed on underlying
structural member. In various embodiments these attach-
ment points pass through openings formed in the top cover
plate 1404 of the vehicle platform frame such that they may
cooperatively engage elements located within the vehicle
body. In such embodiments, either the top cover plate 1404
of the vehicle platform also serves as the floor or bottom of
the vehicle body, or where the vehicle body has a separate
floor, as shown in FIG. 14B cooperative attachment points
1406 are disposed on the vehicle body 1408 that pass
through the bottom floor 1410 of the vehicle body to allow
for direct engagement of elements (e.g., seats, consoles, etc.)
within the vehicle body interior to the vehicle platform. The
attachment point itself can take any form suitable to provide
a secure mounting point for vehicle body element, including,
for example, brackets with associated bolt holes, weld
flanges, rivet plates, etc.

[0177] Although such embodiments allow for a simplified
and universally adaptable vehicle platform that can greatly
reduce the weight and complexity of the vehicle body by
integrating such attachment points within the vehicle plat-
form itself, the attachment points must be specially engi-
neered to prevent potentially hazardous conditions. Refer-
ring back to the discussion of the energy storage system (see,
e.g., FIGS. 12A to 12F), as discussed, the compartment
containing the energy storage system generally should be
sealed from the external environment. Conventional electric
vehicle designs address this issue by using an independently
sealed battery vessel that provides a layer of protection
regardless of what components may penetrate into the
interior space of the frame into which the vessel is disposed.
However, many embodiments of the present invention are
configured such that the structural elements and top and
bottom cover plates of the frame operate as the sole vessel
for sealing the energy storage system from the external
environment. Accordingly, having attachment points that
penetrate through the top cover plate into this energy storage
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system compartment can be problematic. As will be dis-
cussed in relation to FIGS. 15A and 15B, many embodi-
ments incorporate frame attachment points 1500 that also
serve as sealing elements.

[0178] As shown in FIG. 15A, various embodiments of
attachment points 1500 are configured to be attached to an
underlying structural support 1502 of the vehicle frame. As
previously shown in FIG. 14A, these attachment points then
extend upward through cooperative holes disposed in the top
cover plate 1404 of the frame. To prevent exposure of the
energy storage system compartment to the environment
through these holes, the attachment point is configured such
that the combination of the top cover plate and the attach-
ment points seal the energy storage system compartment.

[0179] FIG. 15B illustrates an embodiment of a sealable
attachment point in accordance with many embodiments. As
shown, in various embodiments an attachment point 1500 is
interconnected with the structural member 1502 of the
vehicle frame and extends upward through a hole 1504 in the
top cover plate 1506 of the frame such that the perimeter
edges 1508 of the top cover plate are disposed adjacent to
the sides of the attachment point. Once the elements of the
vehicle platform are disposed in this configuration, a sealing
cap 1510 configured to cooperatively engage the outer
contour of the attachment point 1500 is disposed such that
the sealing cap covers the attachment point 1500 and over-
laps the perimeter edges 1508 of the top cover plate 1506.
When thus fixed into position, the layering of attachment
point, top cover plate and sealing cap function to seal the
energy storage compartment form the environment. It will
be understood that embodiments of the attachment point and
sealing cap may have integrated flanges (1512 and 1514,
respectively) that run circumferentially around the entirety
elements and serve to fix and seal the perimeter edges 1508
of the cover plate hole 1504. The seal cap 1510, in accor-
dance with various embodiments may be a single element
that is bonded separately to the attachment point. Any
number of methods including welding or using of an addi-
tional bonding material may be used to achieve the bonding.
In some embodiments, the seal cap may be co-formed with
the attachment point and top cover plate such that they are
one piece secured to the structural supports of the frame.

[0180] Turning now to FIGS. 15C and 15D, in some
embodiments, the top plate 1506 may overlap the flanges
1514 of the sealing cap 1510. In other words, some embodi-
ments may place the sealing cap 1510 over the attachment
point 1500 before the top plate 1506 is positioned. There-
fore, some embodiments enable the top plate 1506 to be a
sealing plate that seals the battery compartment as well as
the attachment points, thus preventing undesirable exposure
to the battery compartment. This can be true for many
embodiments to prevent exposure to the battery compart-
ment during the removal and/or installation of the top hat
component. Since many embodiments may be configured to
adapt to one or more top hat configurations, it is reasonable
to assume that any type of exchange of top hat or even
simple maintenance would create potential exposure to the
battery compartment. Therefore, many embodiments may
employ one or more of the aforementioned attachment/
sealing techniques to allow for useable attachment points
and still maintain a sealed battery compartment. Addition-
ally, many embodiments can add further sealing or protec-
tion when a bottom or floor of the body 1516 is placed on
top of the vehicle framework. In many embodiments addi-
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tional sealing elements 1518 may be used to seal the seams
in and around the attachment points 1500. The sealing
elements 1518 can be any number of materials such as
adhesives or foams that provide a seal between different
components.

[0181] Regardless of the number and type of connections
to the vehicle body, it will be understood that in accordance
with many embodiments the complementary connection
components are configured to align with each other during
manufacture without positional modification. In various
embodiments some or all interconnections (e.g., mechanical,
structural, electrical, etc.) may be movable such that slight
misalignment of elements may be corrected. In addition, as
the vehicle platform according to embodiments is configured
to be used with multiple vehicle bodies, it will be understood
that one or both the vehicle platform or vehicle body may
have redundant or unused couplings or attachment points.
Moreover, although many embodiments exhibit connection
points for vehicle platforms and associated vehicle bodies, it
will be understood that various combinations of vehicle
connection points can be used in any number of vehicle
platform designs and or any number of designs used to join
multiple components.

Embodiments of the Suspension System

[0182] The suspension system of a vehicle can be a crucial
to the overall function of the vehicle. Poor suspension
systems can result in damage to other structures and features
while properly tuned suspension systems can ensure the
longevity of a vehicle. Electric vehicle manufacturers have
approached how to package suspension systems with alter-
native fuel vehicles in a number of ways. Most rely on
conventional suspension systems implementing struts, coils
springs or bushings. The downside to these suspension
designs is that they are difficult to package within the frame
of the vehicle’s underlying platform, as shown in the images
of vehicle platforms from Volkswagen (FIG. 16A) and Tesla
(FIG. 16B). Many embodiments of vehicle platforms
according to the current disclosure increase the challenges in
suspension design by implementing a hard mounted vehicle
body atop the vehicle platform. While such hard mounting
does remove the need for introducing bulk bushings between
the vehicle platform and vehicle body (which would neces-
sitate intrusion of such elements into the interior space of the
vehicle body), the tradeoff is that the suspension is placed
under enormous demands to address both ride and roll issues
introduced by such a body/chassis interconnection.

[0183] Suspension systems in accordance with embodi-
ments of vehicle platforms are configured to allow for
packaging within the confines of the vehicle platform with
a minimum of complexity. In accordance with various
embodiments, the suspension systems of the skateboard
structure may take on a variety of forms including indepen-
dent suspension systems for each of the wheels or dependent
or semi-independent suspension systems that operate col-
lectively between two wheels in either the front or the rear
of'the vehicle. Many such embodiments implement a double
wishbone independent suspension that incorporates a trans-
verse mounted leaf spring that serves both as ride spring and
anti-roll spring to avoid the need for additional coil springs
or struts that would extend above the plane of the vehicle
platform, and in some embodiments may eliminate the need
for an additional anti-roll bar.
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[0184] FIGS. 17A to 17C illustrate certain embodiments
of such suspension systems. As shown, in various embodi-
ments a front suspension control arm system of the vehicle
platform 1700 comprises a double wishbone structure 1702
disposed around the wheel mount 1704. The double wish-
bone structure (as seen in FIG. 17B) generally comprises an
upper wishbone support arm 1706 and a lower wishbone
support arm (element 1708 in FIG. 17C) and a damper 1710
mounted between the two wishbones. As will be understood,
the two wishbone arms 1706/1708 are secured and pivotably
connected at one end to the platform frame 1700 through
pairs of pivot connections 1707 (upper) and 1709 (lower)
that allow relative vertical movement of the wishbone arms
with respect to the frame. The wishbone arms are then
further rotationally connected to the steering knuckle or
wheel mount 1704 through rotational connectors 1712 and
1714 (upper and lower respectively) such that the steering
knuckle may be rotated relative by suitable control elements
to steer the vehicle. By combining these joints, the wheels
may move independently of each other and provide guid-
ance to the vehicle. In embodiments, at least one damper
1710 per wheel is disposed securely between the lower
wishbone arm 1708 and the frame 1700 such that vertical
movement of the steering knuckle is dampened to reduce
road shock and vibration being transmitted through the
wishbone arms to the vehicle.

[0185] Although configurations of double wishbone sus-
pensions are known in the art, integrating such suspension
systems on a vehicle platform according to embodiments in
such a way to minimize the location of suspension elements
out of the plane of the vehicle platform have thus far not
been described. According to many embodiments, as shown
in FIGS. 17D and 17E, in order to package the upper
wishbone support arm 1706 within the space allotted for the
front suspension the pivot interconnections of the upper
wishbone support arm are located within the vertical plane
defined by the body of the associated frame rail. In one
embodiment, as shown in FIG. 17D the frontward pivot
interconnection 1716 of the upper wishbone support arm
1706 is disposed within a receiving opening 1718 formed in
the frame rail 1700 of the vehicle platform, while the
rearward pivot interconnection 1720 is disposed partially
within a cutout 1722 in the frame rail body 1700. Accord-
ingly, many embodiments configure the upper wishbone
1706 to be connected to brackets 1724 on both the front and
rear portions of the wishbone. Some embodiments provide
that such brackets 1724 that are positioned beyond the
perimeter of frame rail body 1700. Moving the pivot points
of the front upper wishbone support arm inboard within the
body of the frame rail in accordance with embodiments
allows for a more compact suspension system geometry than
would otherwise be possible, thus allowing for the integra-
tion of the suspension system within the platform plane.
FIG. 17E also illustrates the upper connection point for the
front damper 1710. In accordance with many embodiments,
the various attachment points/opening/brackets may be
manufactured in any number of methods that are known in
the art. Additionally, they may be affixed to the various
points on the framework in any number of manners suitable.

[0186] As shown, in embodiments, the damper 1710 may
be attached to one or more brackets 1726 that extend slightly
above the upper face of the vehicle platform and provide an
attachment point 1728 above the upper face of the vehicle
platform. Other embodiments may also have brackets with
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secondary attachment points 1730 that are below the upper
surface of the frame or allow the bracket to attach to the side
of the vehicle platform frame. Although some embodiments
provide to brackets that extend beyond the upper surface of
the frame, in compliance with many embodiments no por-
tion of the suspension system extends beyond the upper
perimeter of the vehicle wheel. Accordingly, the suspension
system, according to embodiments, is significantly com-
pacted compared to conventional systems. Other embodi-
ments, such as those seen in FIGS. 17F and 17G, utilize a
bracket 1730 that may allow for an attachment point 1732
that is on a lateral side of the vehicle framework. Such
embodiments provide for a lower profile bracket 1730 such
that the overall suspension system can still be configured
within a low profile vehicle platform framework.

[0187] To accomplish this compact geometry it is also
necessary to remove the need for a strut or coil spring as
these bulk elements are typically disposed in geometries that
would require extending parts of the suspension system well
beyond the platform plane (as illustrated by the prior art
systems depicted in FIGS. 16A and 16B). Accordingly,
many embodiments incorporate additional suspension com-
ponents that interconnect the independent suspension sys-
tems. For example, various embodiments implement a trans-
verse leaf spring to interconnect the wheels, provide both
ride spring, and roll spring functionality, thereby simulta-
neously obviating the need for additional coil springs or
struts and an anti-roll bar. FIG. 18a provides a view of an
embodiment of the underside of the vehicle platform 1800 in
which a transverse leaf spring 1802 is incorporated into the
suspension system. As shown, the transverse leaf spring
1802 spans the right and left lower wishbone arms 1804 and
interconnects therewith. The transverse leaf spring may also
be interconnected with the frame of the vehicle platform at
two or more pivot or attachment points 1806 disposed along
the length of the leaf spring 1802. It should be noted that in
the illustration provided in FIG. 18A one of the pivot points
is shielded from view by a cover element 1808, which is
further described in relation to FIGS. 18B and 18C. It should
also be noted that while embodiments implementing trans-
verse leaf springs may omit anti-roll bars, as shown in FIG.
18A anti-roll bars 1810 might also be included in accordance
with embodiments where additional stability is desired.

[0188] Moving now to FIGS. 18B and 18C leaf springs
1802, in accordance with many embodiments, can be
attached to the frame of the vehicle platform 1800 at pivot
points 1806. Various embodiments may use a cover plate
1808 to protect the pivot point from possible damage. In
some embodiments, the cover plate 1808 is mounted onto
the frame at several attachment points 1812. Although a
specific embodiment of a cover plate 1808 is illustrated, it
can be appreciated that any number of designs could be
used. Additionally, it should also be understood that some
embodiments may not utilize a separate cover plate but may
have protection coverings integrated within the design of the
leaf spring 1802 and pivot points 1806. For example, some
embodiments may have coverings that serve as an installa-
tion tool to aid in installing the leaf spring 1802 to the
vehicle frame while simultaneously serving as a covering to
cover and protect the pivot point 1806. FIG. 18D illustrates
a cross-sectional view of the interconnection of the leaf
spring 1802 and associated pivot point 1806 and cover plate
1808 in accordance with some embodiments.
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[0189] Turning now to FIGS. 19A through 20C, various
embodiments of connecting a leaf spring type suspension
system to other components and the vehicle platform frame
can be further illustrated. For example, FIG. 19A illustrates
an embodiment of a wheel assembly 1900 with a leaf spring
1902 connected to a wheel knuckle 1904 from which the
wheel 1906 can be connected. In various embodiments, the
leaf spring 1902 can connect to the knuckle 1904 by way of
a connection mechanism 1908. In some embodiments, the
connection mechanism may be a rubber bushing while
others may use a ball joint. It can be appreciated that any
number of connection mechanisms. Embodiments of such
attachment methods and configurations can provide for a
transverse leaf spring to act as a control arm, which can take
over wheel guiding functionality. Accordingly, such
embodiments can allow the leaf spring 1902 to counteract
wheel forces and movements. In some embodiments, an
additional control arm 1910 can be used in conjunction with
the leaf spring. This can account for increased load require-
ments that may occur with the various embodiments of the
overall vehicle platform and associated body or top hat.
Additionally, many embodiments may incorporate modified
pivot/attachment points 1912 for the leaf spring to attach to
the vehicle platform framework.

[0190] Adjustability and adaptability are well-integrated
components in the many embodiments of the vehicle plat-
form. Therefore, it can be appreciated that the connection of
the suspension system can be adapted based on the variety
of'embodiments of the vehicle platform and associated body.
FIG. 19B illustrates an embodiment of a wheel assembly
similar to FIG. 19A but with improved control arm 1910
configurations. For example, the control arm 1910 may be
connected to the leaf spring 1902 through a connector plate
1914. In many embodiments, the connector plate 1914 can
provide connections to the leaf spring 1902 as well as the
knuckle portion 1904 of the wheel assembly. In various
embodiments, the connection between the different compo-
nents can be bushings, ball joints, hinges, or any manner of
connection that allows for adequate control over the wheel
functionality. In addition to the connection with the wheel
assembly 1900, the control arm 1910 can be connected to the
vehicle framework (not shown) through an independent
connection point 1916. In accordance with various embodi-
ments, the independent connection point 1916 can be a
bushing, ball joint, hinge, or any variety of suitable connec-
tion devices. It can be appreciated that with the improved
adaptability of the many embodiments of the vehicle plat-
form, the connections between the control arm 1910 and the
other suspension components can be moveable as described
above, but may also be rigid or semi-rigid based on the end
functionality requirements of the vehicle platform and asso-
ciated body.

[0191] FIGS. 20A through 20C illustrate various embodi-
ments of connection mechanisms that can be used to connect
the leaf spring components to the vehicle platform frame-
work. Many such embodiments can be used in conjunction
with covers or other elements previously discussed in rela-
tion to the pivot/attachment points in FIGS. 18A-18D. FIG.
20A illustrates a top and side view of mounting points 2000
that also serve as the pivot points about which the leaf spring
2002 can rotate or flex during use. In accordance with many
embodiments, the mounting points 2000 may have cylindri-
cal bushings 2004 placed on either side of the leaf spring
2002 such that the central axis 2006 of the bushings 2004 is
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perpendicular to the longitudinal axis of the leaf spring and
perpendicular to the predominant motion plane of the leaf
spring 2002. In various embodiments, the bushings 2004 can
be supported by a bracket 2008 that is connected to the
spring 2002. In some embodiments, the core of the bushing
can be connected to the bracket by a clevis 2010 that can be
fixed to the body of the bracket 2008.

[0192] In some embodiments, the leaf spring 2002 may
have a trapezoidal section 2012 that interfaces with a
corresponding mounting bracket 2014 as seen in FIGS. 20B
and 20C. The trapezoidal section 2012, in many embodi-
ments can be used to transfer lateral forces via the mounting
bracket 2014. In various embodiments, the position of the
mounting bracket 2014 can be further assured through the
use of a clamping mechanism 2016. It should be understood
that any number of clamping mechanisms 2016 can be used
in the various embodiments to hold the attachment point
2000 in the desired location along the leaf spring 2002.

[0193] One advantage of incorporating leaf springs into
the suspension system according to embodiments is the
ability to adapt the spring in various ways to provide the
desired ride and roll stiffness of the vehicle platform and
associated vehicle body. The adaptability can allow for a
variety of embodiments of vehicle platforms to accommo-
date any number of vehicle body or top-hat designs. FIG. 21,
for example, illustrates a cross sectional view of a suspen-
sion system on a vehicle platform 2100 where pivot points
2102 can be positioned at different locations along a leaf
spring 2104 to adjust the flexibility and movement of the leaf
spring. This adjustability can thereby act as a control mea-
sure to accommodate a number of different scenarios for
which the vehicle may encounter. In some embodiments, the
position of the pivot points 2102 may be accomplished by
altering the distance between the pivot points of the leaf
spring. For example, the pivot points 2102 could be posi-
tioned at various locations 2106 along the length of the leaf
spring 12104. In many embodiments, altering the positions
of the pivot points 2102 may increase or decrease ride and
roll stiffness. Accordingly, this can be done within a desired
range of space for each pivot point 2102 for which the
desired performance can be achieved. Further adjustment
may be made by altering the geometry of the attachment of
the ends 2108 of the leaf spring 2104 to the lower wishbone
arms 2110. Such adjustability according to embodiments
could allow for the use of a common leaf spring across a
wide range of different vehicle bodies having different
weights and desired ride characteristics.

[0194] As has been discussed, the adjustability of the
attachment points of the transverse leaf spring can have
simple and yet dramatic effects on the overall response of the
suspension system to be able to maintain the desired ride and
roll stiffness of the vehicle. FIG. 22, for example, illustrates
a cross sectional view of a leaf spring in accordance with
embodiments of the invention. The leaf spring 2202, in
many embodiments, may have a specified movement enve-
lope 2204 of a leaf spring 2202. The movement envelope
2204 can be determined by any number of factors such as the
material of the spring, the attachment positions at the ends
2206, as well as the attachment or pivot points 2208 along
the length of the spring 2202. FIG. 22 also illustrates how
the change in position of the mounting/pivot points 2208
within a mounting range 2210 can affect the movement
envelope 2200 of the leaf spring 2202. Most inner mounting
points 2208 will provide the lowest ride and roll stiffness,
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whereas most outer mounting points 2206 provide the
highest roll and ride stiffness within the embodiments of the
leaf spring. Keep in mind that the embodiments of the leaf
spring are preferable to be a common design that allows for
some adjustability in the mounting points to modify the ride
and roll stiffness. Accordingly, the inner mounting points
2208 may be adjusted within a desired range 2210 longitu-
dinally along the length of the leaf spring 2202 to adjust the
overall ride and roll stiffness in accordance with the body
derivative to be used.

[0195] Since many body derivatives will carry with them
a change in dimensions and weight, the overall height of the
vehicle can be affected when one body is removed and the
other body is installed on the vehicle platform. Hence the
greater desire and need for an adjustable suspension system.
However, if the vehicle height is simply left to vary accord-
ing to the changing body then the overall efficiency of the
vehicle can be dramatically affected. For example, ground
clearance may be affected causing damage to the undercar-
riage of the vehicle. Additionally, the aerodynamics of the
vehicle can be negatively influenced and would thus greatly
reduce the range of an electric vehicle. Accordingly, many
embodiments may incorporate additional features that can
improve the suspension response with change. For example,
FIG. 23A illustrates a cross sectional view of a suspension
system wheel assembly 2300 that incorporates body or top
hat specific spacers 2302. The body specific spacers 2302
can have a variety of heights according the body to be used.
For example, a body that reaches the capacity in axle weight
would require the largest spacer to bridge the distance
between the control arm structure 2304 and the leaf spring
2306 at the outer most mounting point 2308 thus helping the
leaf spring 2306 operate within the desired movement
envelope. In contrast, a body that results in the minimum
axel weight would require the smallest spacer. In some
embodiments, the spacer 2302 may be sized up to 50 mm in
height. Other embodiments may not require a spacer while
others may be larger based on the overall vehicle configu-
ration. For example, a heavier vehicle with a larger top hat
like a pickup truck or van may require a larger spacer to
accommodate for the added movement in the suspension
system, while a vehicle configuration similar to a smaller
sport sedan may not require the use of a spacer at all. In
many embodiments, the spacer can act as a connection
between the outer mounting point and the control arm
assembly 2304 and in many embodiments; the spacer can
help to maintain the required/desired tension on the suspen-
sion system to provide the best overall ride for the vehicle.

[0196] Moving now to FIGS. 23B through 23G, embodi-
ments of a spacer and spacer system for adjusting the height
of'the suspension system can be seen. FIG. 23B illustrates an
embodiment of a portion of a suspension system with a leaf
spring 2306 that is connected to a control arm structure
2304. In various embodiments, the spring 2306 may be
connected by a bushing 2310 and a spacer 2302 as discussed
previously. The spacer 2302 in accordance with many
embodiments the spacer can be adjustable to account for the
various types of overall vehicle configurations. For example,
FIGS. 23C and 23D illustrate a spacer 2302 that can be
adjusted in height through a mechanical adjustment mecha-
nism. The spacer 2302 in some embodiments may have an
outer tube 2312 and an inner tube 2314 that are designed to
cooperatively engage with each other along a longitudinal
axis 2316. The outer tube 2312 may be connected to the
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bushing 2310 and surrounds the outer portion of the inner
tube, as shown in FIG. 23D. Additionally, said embodiments
may have a screw 2318 disposed between the outer 2312 and
inner tubes 2314.

[0197] In many embodiments, the inner tube 2314 may be
connected to an rotational device 2620 such as a nut or other
device that is connected to the screw. The rotational device
2320 may have a hexagon type profile or other profile that
is suitable for the function of adjusting the height of the
spacer. In accordance with various embodiments, the rota-
tion of the rotational device 2320 can drive an extension or
separation of the inner and outer tubes along the longitudinal
axis and thereby increase the overall height of the spacer
2302. In accordance with various embodiments, the height
of the spacer can be blocked or limited by the configuration
of'the spring and the bushing. Such embodiments enable the
easy adjustment of a spacer height in accordance with the
many embodiments of vehicle bodies that can be used.
Additionally, it allows for easy service of the spacers that
can occur over time as other components of the suspension
system wear with use.

[0198] Turning now to FIGS. 23E and 23F, other embodi-
ments of an adjustable spacer can be seen. For example,
some embodiments may incorporate a motor 2322 that is
connected to a gear drive 2324. In many embodiments, the
gear drive 2324 takes the place of or is equivalent to the
rotational device as illustrated in FIGS. 23C and 23D. In
various embodiments the gear drive 2324 may be one or
more gears. In some embodiments the motor 2322 can be
configured to turn or rotate the gear 2324 such the rotation
there of rotates the screw and drives the separation of the
inner and outer tubes. In some embodiments, the motor may
be connected to the control arm 2304 and can rest either
above or below the control arm 2304. In some embodiments
the motor have a mounting bracket 2326 designed to support
the motor 2322 near the adjustable spacer. In many embodi-
ments, the motor 2322 can be controlled by a number of
methods and or external devices including direct control
from the vehicle information system or an mobile device
application. This can allow a user to adjust the height of the
spacer as needed or in many embodiments can allow a
service technician to adjust the height as required for regular
maintenance or adjustment of the vehicle body.

[0199] Although the above discussion has focused on the
design and configuration of the front suspension system, it
will be understood that similar suspension systems incorpo-
rating transverse leaf springs may be implemented on the
rear wheels, as shown in FIGS. 24A to 24C. Specifically, as
shown in FIGS. 24A and 24B, the rear suspension systems
2400 may also incorporate multiple supports arms 2402,
2403, and 2404 pivotably interconnected between the frame
2406 and rear wheel mount 2408. Note, instead of two arms,
several embodiments may incorporate three separate pivot-
ing arms (as shown in FIGS. 24 A and 24B). Such suspension
systems further incorporate dampers 2410 similar to those
used in a front-end suspension. The dampers 2410 may be
interconnected between the lower suspension arm 2404 and
the frame 2406 via a suitable attachment element 2412, such
as, for example a cooperative bracket, as shown in FIG. 24C.
Embodiments of rear suspension systems can also incorpo-
rate transverse leaf springs 2414 as shown in FIGS. 24A and
24B. Accordingly, embodiments of vehicle platforms may
be outfitted with independent suspensions incorporating a
transverse leaf spring in both the front and the rear suspen-
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sions. Additionally, many embodiments of rear suspension
systems 2400 may be adaptable with spacer and a number of
different pivot/attachment points along the length of the leaf
spring to improve the overall ride and roll stiffness and
control of the vehicle. Moreover, although many embodi-
ments exhibit vehicle suspension systems in association
with various embodiments of vehicle platforms, it should be
understood that any combination of the various structural
and functional elements of such suspension systems can be
included and or omitted in any number of vehicle designs.

Embodiments of the Transverse Leaf Spring

[0200] With all the adjustability that is factored into the
embodiments of the suspension system and more specifi-
cally the transverse leaf spring, it should be considered that
the transverse leaf spring itself might have variety embodi-
ments that help to improve the ride and roll stiffness to
ensure a comfortable and stable ride. In order to achieve the
desired roll and ride stiffness the transverse leaf spring must
be able to provide the same or similar ride and roll stiffness
that would be seen on traditional coil spring system like the
MacPherson strut. Furthermore, the ratio between roll and
ride stiffness depends on both the type of vehicle (car, truck,
SUV, etc.) and the desired driving performance. Typical
values for a rear suspension system are 1 to 1.5 whereas the
front suspension has values between 2.5 and 3.5 due to the
larger loads typically seen. In many embodiments, the leaf
spring may maintain a roll stiffness that is 2.5 to 3.5 times
greater than that of the ride stiffness.

[0201] FIGS. 25A and 25B illustrate the traditional load
diagrams that a transverse leaf spring might see for the given
ride (25A) and roll (25B) of a vehicle. The forces applied at
both ends of the leaf spring determine the ride rate or load.
Such loads create a bending moment or force on the leaf
spring 2502. The roll rate or load is more equivalent to a
torsional force on the spring as a force is applied at one end
causing a rotational moment about the opposite end. The
deflections and therefore the stiffness of a traverse leave
spring are predominantly depended on locally appearing
bending moment (see distribution curves FIGS. 25A and
25B) as well as on the areal moment inertia of the cross
section involved. The moment of inertia in a rectangular
cross section depends on height and width of the cross
section. Many embodiments of the leaf spring may maintain
a predominantly rectangular cross section when viewed
from the ends. However, many embodiments may incorpo-
rate a variable width cross section of the leaf spring in order
to ensure the ride and roll stiffness are maintained.

[0202] For example, FIGS. 26A to 26C illustrate embodi-
ments of a transverse leaf spring 2600 with a variable width
cross section. It can be seen that the middle section 2602 is
wider than the outer sections 2604 and is wider than the
location of the mounting points 2606. FIGS. 26B and 26C
illustrate a zoomed in view of the leaf spring 2600 at both
the center 2602 an outer portions 2604 to better illustrate the
various embodiment of a leaf spring.

[0203] It can be seen in FIG. 26B that some embodiments
have a specified height and width of the cross section of the
ends of the leaf spring. Although some embodiments may
incorporate a specific cross sectional height and width at the
ends it should be understood that, other embodiments may
vary the height and width of the cross section depending on
the desired functionality of the leaf spring.
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[0204] FIG. 26C illustrates one such change in cross
sectional width and height of the leaf spring at various points
along the length of the spring. An embodiment like those
illustrated in FIGS. 26A to 26C may vary the height and
width of the cross section depending on the section and
purpose of the spring. For example, in some embodiments
the height of the cross section of the spring at the mounting
points may be at least 1.7 times the height of the cross
section at the center of the leaf spring. In contrast, some
embodiments may have the width of the cross section at the
center section to be at least 1.5 time the width of the cross
section at the mounting positions. Accordingly, these design
variations aim to ultimately maintain the overall ride and roll
stiffness of the vehicle. However, the variations may not be
limitless. In some embodiments it may be provided that the
cross sectional area along the length of the leaf spring does
not exceed a ratio of 1.5 from the smallest to biggest
sections. Again, such ratios may be important in maintaining
the desired roll and ride stiffness according the body deriva-
tive that is ultimately used. Although a specific configuration
of'the variable cross sectional leaf spring is shown, it should
be understood that the embodiments shown are not meant to
be binding but only illustrate an embodiment. Furthermore,
embodiments the cross sectional leaf spring may be manu-
factured from any number of materials including steel,
composite, carbon fiber, aluminum, any number of alloys
etc. such that the desired strengths and characteristics are
illustrated in the leaf spring according to the desired ride and
roll stiffness. Moreover, although many embodiments
exhibit transverse leaf spring designs in relation to vehicle
suspension systems, it should be understood that various
combinations of structural and functional elements of a
transverse leaf spring can be included or omitted as required
by the specific vehicle or suspension system design.
Motor Position with Respect to the Suspension System

[0205] Despite the potential advantages of incorporating
transverse leaf springs in vehicles with electric drives, a
number of complications arise in implementing such sus-
pension systems in vehicle platforms in accordance with
embodiments. One is the spatial relationship between drive
train elements (e.g., motor/transmission) and the leaf spring.
As shown in FIG. 27A, in order to avoid expensive and
heavy gear arrangements, embodiments of drive trains 2700
are configured such that the motor output axis 2702 is in line
with the wheel centers 2704. Accordingly, many embodi-
ments implement a co-axial drive train configuration. In
implementing a transverse leaf spring 2706 suspension to
maintain the flat packaging of the vehicle platform, as
previously described, the leaf spring must be positioned as
close to the wheel centers 2704 as possible to provide ride
comfort and roll stability. Specifically, any longitudinal
offset 2708 would result in a loss of efficiency and deterio-
ration in ride and handling performance of the vehicle
platform. In many embodiments, this positions the leaf
spring 2706 directly beneath and in-line with numerous
drive train elements including the motor 2710 and transmis-
sion components 2712.

[0206] Conventional leaf springs are configured to be
vertically planar. However, if a conventional leaf spring
were to be implemented in the various embodiments of a
vehicle platform described herein, the various drive train
elements may require substantial vertical adjustment, push-
ing the drive train elements further into the cabin space. This
solution would be unsuitable for the design goals of vehicle
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platforms according to embodiments, namely, to create
maximum vehicle cabin space for passengers by designing
a vehicle platform to be as flat as possible. Therefore, FIG.
27C illustrates an embodiment of a leaf spring and associ-
ated movement envelope 2714 as it relates to various drive
train components 2710/2712. During operation, as shown by
the movement envelope 2714, the leaf spring 2706 under-
goes deflection further increasing the amount of clearance
required between the leaf spring and the drive train elements
2710/2712.

[0207] As shown in FIG. 27C, the leaf spring 2706 may be
described in relation to three different sections: a middle
section 2718 disposed directly beneath the drive train ele-
ments 2710/2712, and left and right outer ends 2720 dis-
posed outboard of the pivot points 2722 and terminating in
lower support arm coupling 2724. As shown, in various
embodiments the leaf spring 2706 deviates from a straight
line to create additional clearance for the drive train ele-
ments and allow for deflection of the spring during wheel
travel (see motion envelope 2714). More specifically, the
outer ends 2720 between the lower support arm coupling
2724 and the pivot point 2722 are configured with a down-
ward bend such that at least the middle section of the leaf
spring is disposed vertically lower relative to the outer
sections of the leaf spring. In various embodiments, the
downward deflection from the straight line 2726, defined by
the position of the outer ends 2424 of the leaf spring, is
sufficient to provide a gap between the leaf spring and the
drive train elements during a full rebound condition (e.g.,
when the vehicle platform is raised sufficiently above the
ground to allow the wheel hang freely) where the center
2718 of the leaf spring 2706 come closest to the drive train
elements 2710/2712.

[0208] In various embodiments, the drive train elements
are also configured such that additional clearance between
leaf spring and motor/transmission components is created.
In such embodiments, the configuration of the motor/trans-
mission can be a function of the desired peak torque char-
acteristics of the overall vehicle. FIG. 28 illustrates a cross
sectional view of a positional arrangement between various
motor components and suspension components. As shown in
FIG. 28, the motor housing 2802 must conform to the size
and shape of the gears 2804 of the transmission, which are
determined by the desired driving characteristics of the
vehicle (e.g., gear ratio is determined by vehicle require-
ments). As shown in the embodiment of FIG. 28, the
combination of gears, 2804 required by the transmission
creates a figure-eight shape. Embodiments of drive trains
form motor housings having at least one side that conforms
to the contours of the gears (e.g., the “figure eight” shape)
creating a indented portion 2806 of the motor housing 2802.
In various embodiments, the motor housing in configured
such that a maximum clearance of from 3 to 7 mm is formed
between the gears 2804 and the housing 2802. In accordance
with many embodiments, a careful angular positioning of
the motor housing (e.g., tiling the motor housing such that
the elongated axis 2808 of the figure eight is elevated
relative to a horizontal axis 2810) can allow for positioning
a leaf spring 2812 beneath the casing 2802 while achieving
a maximum clearance 2814 between the leaf spring 2812
and the motor housing 2802 during spring movement.
Accordingly, the leaf spring 2812 does not contact the motor
housing throughout its entire range of motion. In addition, as
the maximum deflection of the leaf spring 2812 occurs in the
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center of the spring under full rebound condition. Many
embodiments position the motor housing 2802 such that the
lowest point is spatially separated from this center portion of
the spring 2812. In various embodiments, the spatial sepa-
ration of the motor housing from the center plane of the leaf
spring is greater than 100 mm. In other embodiments, the
spatial separation may be as small as 50 mm. In some
embodiments, the center plane of the leaf spring is identical
to that of the vehicle.

[0209] FIGS. 29A through 29C further illustrate embodi-
ments of the placement of various drive train elements and
configurations of the gears in relation to the suspension
system. For example, FIG. 29A illustrates a cross sectional
view of a wheel base portion 2900 of a vehicle platform. It
can be appreciated that such embodiments can be imple-
mented in either a front or rear or both front and rear portions
of a vehicle platform. In many embodiments a leaf spring,
2902 is positioned to transverse the underside of the motor
2904 and other drive train elements and interconnect the
wheels 2906. Additionally, some embodiments utilize a
motor system 2904 with gears 2908 where the motor and
output rings are of an equivalent diameter to fit within the
motor housing. Such embodiments can enable motor sys-
tems 2904 to be easily adaptable within the many embodi-
ments of a planar vehicle platform. Additionally, they can
allow for adequate clearance between the motor 2904 and
the leaf spring suspension 2902 during movement of the
spring.

[0210] A cross section of a wheelbase 2900 looking down
the longitudinal axis of the leaf spring 2902 can be illus-
trated in FIG. 29B. Here it can be appreciated that the motor
system 2904 is configured to sit directly above the leaf
spring 2902. In accordance with various embodiments, the
motor systems 2904 can be outfitted with one or more
mounting brackets 2910 that can allow the motor to be
mounted to one or more locations on the vehicle platform
framework (not shown). Similar mounting brackets 2910
can be seen in FIG. 29C in further relation to the wheels
2906 as well as other suspension components 2912.

[0211] In accordance with many embodiments, the electric
vehicle platform as disclosed throughout may be configured
with one or more electric drive systems. Accordingly, the
drive systems of many embodiments may be positioned at
the front and/or the rear of the vehicle platform; similar the
embodiment illustrated throughout. Accordingly, some
embodiments may utilize each of the front and/or rear drive
motors to power one or more wheels. For example, some
embodiments may only have a front drive motor that powers
the front wheels while the rear wheels are relatively passive.
Other embodiments may have only a rear drive system that
only powers the rear wheels, leaving the front wheels to be
passive. Other embodiments may utilize both a front and a
rear motor to drive the vehicle. The drive motors, in accor-
dance with various embodiments, may be designed such that
they fit within the generally planar profile of the electric
vehicle platform. Additionally, it can be appreciated that
many drive train elements not specifically illustrated in the
figures can be utilized in the many embodiments of a vehicle
platform. For example, some embodiments may incorporate
lock mechanisms that are designed to lock out the transmis-
sion systems at certain times. The transmission lock can take
on any number of configurations but may be configured to
prevent the vehicle from moving when the vehicle is in a
stopped or parked configuration. This can be especially
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appreciated with respect to electric motors that are essen-
tially always on and can engage at any time. Many trans-
mission lock systems can prevent the engagement of the
various gears with other portions of the drive train to prevent
vehicle motion. Moreover, although many embodiments
exhibit positioning of vehicle propulsion systems and sus-
pension systems, it will be understood that various combi-
nations of the functional and structural characteristics of
such systems can be used or omitted as required by the
vehicle design.

SUMMARY & DOCTRINE OF EQUIVALENTS

[0212] As can be inferred from the above discussion, the
above-mentioned concepts can be implemented in a variety
of arrangements in accordance with embodiments of the
invention. Specifically, electric vehicles in accordance with
embodiments are based on the idea of separating the lower
structure of the vehicle (e.g., vehicle platform or skateboard)
from the vehicle body (e.g., passenger cabin) to create a
modular vehicle platform. The separation of vehicle plat-
form and body allows multiple vehicle types to be derived
from a single vehicle platform. Accordingly, the vehicle
body can be varied from vehicle to vehicle, whereas the
vehicle platform stays mostly common over all vehicle
derivatives. Therefore, the vehicle platform according to
embodiments can be understood as a driving chassis con-
taining essentially all the components which enable the
vehicle to drive (powertrain, battery, spring damper arrange-
ment, chassis control arms, steering, brakes, wheels and
tires, etc.) In various embodiments in order to create maxi-
mum space for the passengers, the vehicle platform is
configured to be as flat as possible. Achieving such func-
tionality, according to embodiments, involves the imple-
mentation of special arrangements/designs between subsys-
tems described above, and their equivalents.

[0213] Accordingly, although the present invention has
been described in certain specific aspects, many additional
modifications and variations would be apparent to those
skilled in the art. It is therefore to be understood that the
present invention may be practiced otherwise than specifi-
cally described. Thus, embodiments of the present invention
should be considered in all respects as illustrative and not
restrictive.

What is claimed is:

1. A self-contained vehicle platform comprising:

a frame structure having a variety of interconnected
structural components each having a body with a top,
a bottom and side elements that, when interconnected,
make up a generally flat planar structure having a front
portion, a rear portion, and a center portion, and further
comprising a top and a bottom portion corresponding to
the top and bottom elements respectively;

a propulsion system having a drive motor disposed in at
least one of the front and rear portions of the frame and
connected to at least one of the interconnected struc-
tural components and further being interconnected to a
transmission system, wherein the transmission system
is connected to at least one set of drive wheels;

a plurality of suspension systems disposed within front
and rear portions of the frame each having a set of
control arm assemblies each having proximal and distal
ends where the proximal end of each is connected to the
frame and the distal end is connected to a wheel in the
set of drive wheels;
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an energy storage system disposed within the center
portion of the frame structure comprising a plurality of
independent battery modules electronically connected
to an inverter system electronically connected to the
propulsion system; and

wherein the component systems of the vehicle platform

are disposed within the boundaries of the generally flat
planar structure defined by the frame structure of the
vehicle platform such that no substantial part of the
component systems extends in substantial part above
the drive wheels.

2. The vehicle platform of claim 1, wherein the drive
suspension system further comprises a transverse leaf spring
connected to each of the control arm assemblies and the
framework structure through a plurality of connection
points.

3. The vehicle platform of claim 2, wherein the transverse
leaf spring is disposed beneath the drive motor and the leaf
spring is contoured in a vertically downward direction
relative to the drive motor sufficiently such that deformation
of the leaf spring does not interfere with the propulsion
system.

4. The vehicle platform of claim 3, further comprising one
or more spacers disposed between the transverse leaf spring
and the framework structure.

5. The vehicle platform of claim 1, wherein the center
portion of the framework structure is subdivided by one or
more structural support elements into a plurality of isolated
compartments, and wherein the vehicle batteries comprise of
a plurality of modular elements distributed in a multiplicity
of the isolated compartments.

6. The vehicle platform of claim 5, wherein the structural
support elements are connected to the independent battery
modules.

7. The vehicle platform of claim 5, further comprising a
plurality of lateral and/or longitudinal structural support
elements disposed in the center portion of the framework
structure having an elongated body with an upper portion
and a lower portion being planar with the top and bottom
portion of the framework respectively and a first and a
second end.

8. The vehicle platform of claim 5, further comprising a
plurality of mounting points disposed on the top element of
the framework structure in association with one or more
structural support elements, wherein the mounting points
correspond to cooperating mounting apertures on at least
one upper body component.

9. The vehicle platform of claim 8, wherein the top
element of the framework structure further comprises a
plurality of mounting orifices corresponding to each of the
plurality of mounting points, wherein each of the mounting
orifices surrounds the corresponding mounting point.

10. The vehicle platform of claim 8, further comprising a
plurality of seal caps each having a contoured body with an
outside surface and an inside surface such that the inside
surface cooperatively engages with a corresponding mount-
ing point, and wherein the contoured body further comprises
a flange portion extending outward from the body near a
bottom portion of the body by a dimension such that the
dimension of the flange exceeds that of the corresponding
orifice.

11. The vehicle platform of claim 1, further comprising a
front and a rear crumple zone, wherein the interconnected
structural components of the front and rear portions of the



US 2021/0122223 Al

frame structure absorb energy from a directional impact and
prevent the transmission of said energy to additional por-
tions of the framework structure.

12. The vehicle platform of claim 1, further comprising a
plurality of lateral energy absorption units, wherein the
energy absorption units are disposed along outer side of the
center portion of the frame structure such that the lateral
energy absorption units absorb energy from a lateral impact
and reduce damage to the center portion of the framework
structure.

13. The vehicle platform of claim 12, wherein the lateral
energy absorption units are disposed to reduce damage to the
battery modules disposed within the central portion of the
framework structure.

14. The vehicle platform of claim 1, wherein the battery
modules further comprise a plurality of rigid planar heating
and cooling elements disposed in association with the bat-
tery modules.

15. The vehicle platform of claim 14, wherein the battery
modules are arranged within the center portion of the
framework structure such that the rigid planar heating and
cooling elements are arranged both laterally and longitudi-
nally relative to the frame structure.

16. The vehicle platform of claim 3, wherein the drive
motor is disposed within a motor housing, and wherein the
motor housing has a contoured outer perimeter wherein at
least a portion of the lower face of said contoured outer
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perimeter is configured to correspond to at least one portion
of the outer contour of a plurality of gears of the transmis-
sion system, such that an indented portion of the motor
housing is formed, and wherein the transverse leaf spring is
disposed such that it is positioned beneath and in-line with
this indented portion.

17. The vehicle platform of claim 16, wherein an outer
perimeter of the plurality of gears defines a figure eight, and
wherein the motor housing is arranged such that the figure
eight is tilted relative to a vertical axis, and wherein the
center portion of the transverse leaf spring is disposed
beneath the perimeter of the motor housing corresponding to
the uppermost portion of the tilted figure eight.

18. The vehicle platform of claim 1, wherein front and
rear portions of the framework structure are vertically
elevated relative to the center portion of the framework
structure such that the generally flat planar structure has a
undulating contour.

19. The vehicle platform of claim 1, further comprising a
plurality of anchor points disposed on the frame structure
and cooperative to hard mount the vehicle body thereto.

20. The vehicle platform of claim 1, wherein the battery
modules and inverter system are enclosed within the top and
bottom portion of the framework structure by a top and a
bottom seal plate connected to the framework.
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